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W oihingtim^ Dece^er 1% 19^8. 

T& the Cctigrees of the Vniied Statea: 

In accordance with section 5!>93 of the Revised Statutes of the 
United States, 1 have the honor, in behalf of the Board of Regents, 
to submit to Congress the annual report of the operations, expendi¬ 
tures, and condition of the Smithsonian Institution for the year ended 
June 80,19^6. I bare the honor to be, 

Respectfnlly, 

A. 'VVetkobe, Secretary, 
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REPORT OF THE SECRETARY OF THE 
SMITHSOJHAH INSTITUTION 

ALEXANDER WETMORE 

FOR THE YEAR ENDED JUNE 30,1046 


To the Board of Be^enU of the Smithsomim fiatitution. 

Oentlemicx : I haYe the honor to submit herewith my report show¬ 
ing the activities ond condition of the Smithsonian Institution and tlie 
Government bureaus under its administrative charge during tlie fiscal 
year ended Juno 30, 1946, The first 19 pages contain a summary 
account of the affairs of the Institiition. Appcndises 1 to 10 give 
more detailed reports of the operations of the National Museum, the 
National Gallery of Art, the National Collection of Fine Arts, tho 
Freer Galleiy of Art, the Bureau of American Ethnology, the Inter¬ 
national Exchanges, the National Zoological Part, the Astrophysical 
Observatory, the Smithsonian library, and of the publications issued 
under the direction of the Institution* On page mo is the financial 
report of tlia executive committee of the Board of Regenta. 

I regret to have to record hero the death on April 22,1946, of the 
Chancellor of the Institution, Chief Justice Harlan Fiske Stone. Chief 
Justice Stone was elected Chancellor by the Board of Regents on 
January 16,1942, to succeed the former Chief Justice Charles Evans 
Hughes, and from the day of his appointment took a keen interest in 
the Institution's affairs* He had planned an active part in the Smith¬ 
sonian Centennial celebration starting on August 10, 1946, and as 
Chancellor be took several steps to insure the effective functioning of 
the Institution in the years to come. His successor should be elected 
at the next meeting of the board. 


THE ESTABLISHMENT 

The Smithsonian Institution was created by act of Congress in 1846, 
according to the temia of the will of James Smithson, of England, who 
in 1826 bequeathed his property to the United States of America “to 
found at Washington, under the name of the Smithsonian Institution, 
an establishment for the increase and diffusion of knowledge among 
men*'* In receiving the property and occepting the trust, Congress 
determined that the Federal Government was without authority to 
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administer the trust directly, and, therefore, constituted an “establish¬ 
ment” whose statutory membcrB are “the President, the Vice President, 
the Chief Justice, and the heads of the eiecutivo departments,” 

TITEJ BOARD OF KEGESTS 

During the year the following changes occurred in the personnel of 
the Board of Regents: 

The lamented death of Chief Justico Harlan Fiske Stone, on April 
22, 1946, created a vacancy in the office of Chancellor of the Board of 
Regents. 

Ko vember 23,104 5. A vacancy i n the cl ass of citi mti regents, caused 
by the death of Dr. Eolaiid S. Morris, of Pennsylvania, haa not yet 
been filled. 

May 2, 1946. Dr, Vaunevar Bush, citizen regent, was reappointed 
by joint resolution of Congress to succeed liimsclf for a statutory 
term of 6 years. 

June 34, 1946. The Honorable Fred M. Vinson, on his appointment 
as Chief Justice of the United States, became es officio a member of 
the Board of Regents. 

Tlio roll of regents at tlic close of the fiscal year, June 30, 1946, was 
S3 follows; 

Fred M. Vinson, Chief Justice of the United States; members from 
the Senato—Alben W. Barkley, Wallace H. Wliite, Jr., Walter F. 
George; members from the House of Representatives—Clarence Can¬ 
non, Edward E. Cos, B. Carroll Rceco; citizen members, Frederic A, 
Delano, Washington, D, C., Harvey N. Davis, New Jersey, Arthur H. 
Compton, Missouri, Vannevar Bush, Washington, D. C., and Frederic 
C. Walcott, Connecticut. 

Proceedinffg .—The annual meeting of the Board of Regents was 
held on January IS, 1946, with the following members present: Chief 
Justice Harlan F. Stone, Chancellor; Senator Wallace H. White, Jr.; 
Representatives Edward E. Cox and B. Carroll Reece; citizen regents. 
Dr. Harvey Jf. Davis, Dr. Vannevar Bush, Frederic A. Delano, and 
Frederic C, Walcott; the Secretary, Dr, Alexander Wetmore, and the 
Assistant Secretniy, John E. Graf, Dr, W. J. Robbins^ chairman of 
the Committee on Future Policies, attended the opening of the meet¬ 
ing by invitation and later withdrew. 

In accordance with the resolution passed by the Board at the last 
annual meeting, the Chancellor appointed the following to serve on 
the Committee on Future Policies of tlie Smith^nian Institution: 
Dr, William J. Robbins (chairman). New York Botanical Garden; 
Dr. L P. Eisenhart, American Philosophical Society; Dr. George 
Gaylord Simpson, American Museum of Natural History; Dr, 21ay 
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Jeffries, Geneml Electric Co.; Dr. Walter S. Adams, Mount Wilson 
Observatorj” Dr. F. K. Beicheldcrfer, United Stat^ Weather Bnrean; 
and Dr. A* V. Kidder, Carnegie Institution of Wtisliington. Dr. Rob¬ 
bins, chairman, stateel that this committee would do its best to present 
an acceptable program for tlie future of the Institution, and announced 
that the first meeting would be held on January 30, ID46, in the 
Smitbsoninn Building. 

The Secretary presented his finnual report corering the ai^vitics 
of the parent institution end of its seTeral branches, including the 
financial report of tlie ciecutive committee, for the fiscal year ended 
June 30,1941i, which was accepted by the Board. The usual resolu¬ 
tion authorizing the expenditure by the Secretary of the income of the 
rnstitution for the fiscal year ending Juno 30, 1047, was adopted by 
tlie Board. 

The annual report of the Smithsonian Art Commission was pro- 
eented by the Secretary and accepted by the Board. The Commis¬ 
sion, at its meeting on December 4,1945, accepted several works of art. 
A resolution was adopted to reelect the following members for 4-year 
terms: John Nicholas Brown, JIahonri M. Young, George Hewitt 
Myers, and Robert Woods Bliss. Vacancies on the Commission were 
caused by the death of Herbert Adams and the resignation of Ed ward 
W. Redfield. The names of John Taylor Arms and Eugene E. 
Speicher, recommended by the Commission, were approved by the 
Board to fill tiie above vacancies. Paul Mntiship was reelected chair¬ 
man, and Dr. Wetmore was reelected Secretary. 

Tentative plans were presented by the Secretary for the Centennial 
oelebration to be held during August 194C. 

Tlie matter of the Secretary's salary' and pension was referred to 
the executive committee with power to act. 

The Secretary reported that Mrs. Charleyno Whitney Gellatly, 
widow of John Gellatly, bad brought proceedings before the Court 
of Claims through a bill in Congress, demanding restitution or pay¬ 
ment for certain objects in the Gellatly art collection. The Smith¬ 
sonian Institution is defended in this proceeding by the Depart¬ 
ment of Justice, throiigli Grover Sherrod, and has, in addition, the 
valuable assistance of Huntington Cairns, General Counsel for the 
Xationnl Gallery of Art. Hearing on the case was set for February 
12,1946. 

By the terms of the will of Dr. .'Vle§ Hrdlicka, deceased member of 
the staff, a sum of money was beqiiealhed to tlia Smithsonian Institu¬ 
tion for the benefit of educational establishments in Dr. HrdU£ka's 
native town of Ilnmpolec, Bohemia, Acceptance of this trust fund 
Was approved by the Board. A furtlier bc<iuest in the UrdUtka will. 
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to provide for tha reprinting of liis papers on physical anthropology^ 
was declined as being impracticabk because of the inadequacy of the 
funds provided. 

On December 20, 1038, Miss Annie-May Hegeman advifted the In¬ 
stitution that, as a memorial to her father, Henry Kirke Porter, she 
liad tendered to the Library of Congress Trust Fund Board convey¬ 
ance of the property owned by her at the comer of Sixteenth and I 
Streets NW., in Washington, as a gift, under agreement that when 
the property sold, the Library of Congress Trust Fund Board 
should pay one-half of the net piwee^la of stich sale to the Smithsonian 
Institution, to be invested, and tlie income thereof to be applied to the 
general purposes of the Institution, the gift to be recorded as ‘‘^lie 
Henry Kirke Porter Memorial Fund.” The Seci-etaiy reported that 
the proiierty had just been sold at si price of $COO,000 j under the terms 
of tlie gift the Institution will receive oue-half of the net proc^dsL 

Attlie last meeting the Board autliori^cd the e^tecutive committee to 
have a survey made of the business methods and practices now in effect 
in the Institution to dctei'mine whether changes or improvements were 
required. The committeo directed the Secretary on their behalf to 
enter into contract with the firm of Peat, Manvicl^ Mitchell & Co,, who 
specialise in such work. This firm has rendered a comprehensive re¬ 
port covering organlmtion and personnel, business metliods, and ac¬ 
counting procedures, from which tlie Secretary gave the following 
quotatton: 

“Our conduaiona in summary are that the adniinisti-ative organisa¬ 
tion is set up along simple and effective lines, the personnel is of high 
caliber, conscientious and eflicient for tlie particular requirements of 
the Institution, the business methods on the whole are very good, and 
the accounting system is essentially sound in principle* We have sug¬ 
gestions to offer for some changes toward improvcrneiita which we be¬ 
lieve to be possible. These are given in the course of our comments 
in more detail upon the various topics falling within this area ” 

In a special statement, Dr. Wetmore outlined to the Board recent 
activities carried on by all branches of the Institution. 

FINilNCEg 

A statement on finances will bo found in tlie report of the eseeutive 
committee of the Board of Regents, page 12^. 

SMITHSONIAN CENTENNIAL 

Tlic year 1^0 marks the one-hundredth year Eince the founding of 
the Institution. Strictly speaking, thiB report covers only the fiscal 
year ended June 30^ H>46, but as the actual anniversary of the estab- 
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iishment of the Institution fall^ on August 10, only a little over a 
inonlh after tlio beginning of the new fiscal year, it seems advisable 
in this report to anticipate to the exteot of describing tbo Centennial 
observances, 

STnithionian c&mniemoraivi's stamps —Among the outstanding 
honors that came to the Institution on its one-hundredth anniversary 
was the i^uante by tlie Post OfTice Department of a special commemo¬ 
rative Scent postage stamp depicting the Smithsonian Building and 
containing the words **For the increase and diffusion of knowledge 
among men-^ The design was suggested by the Cbancellor of the In¬ 
stitution, the late Chief Justice Harlan F. Stone* On the morning 
of August 10, 1S)4(>, in an impressive ceremony held in the auditorium 
of the Nations] ]klu^um, the first sheet of the Smith^nian stamps 
was presented to the Institution by Assistant Postmaster General 
Joseph J. Lawler on behalf of Postmaster General Robert E. Hunne- 
gan. The ceremony was broadcast by the Rational Broadcasting Co. 
through Station WRC, and music was furnished by the 2favy Band 
Orchestra* Mr, Lawler concluded his remarka with these words: 

‘^Thus it will be sliowti that the philanthropy of one man (James 
SmuKsoii), coupled with the intcre^^t of another (Chief Justice Harlan 
F. Stone) j made possible this commemorative po&tage stamp and 
brought together today this distinguished gathering of men and 
women to pay honor to an Institution whose record of achievement in 
the 100 years of ita existence is well known tlu'oughout the civilized 
world. My one regret is that the bite Chief Justice Stone, who played 
so important a part in making today^s cekbmtiou a reality, is not 
present to enjoy the fruits of his labors for such a just and nieritoFious 
cause. Dr* Wet more, it gives me great pleasure lo present to you tJie 
first aheot of tJiis Smithsonian Institution commemorativo postage 
stamp.” 

In accepting tlie stamps on behalf of the Institution, I reviewed 
briefly the growth and expansion of the Smithsonian during the first 
100 years of ita e?dstcnce, and concluded as follows ■ 

“Such, in brief outline, is the Institution that today receivea the 
signal honor of a commemoratiTe United States postage stamp. For 
100 years it has fostered diligently James Smitlison's clear-sighted 
vision of the value to mankind of an institution devoted to the increase 
and diffusion of knowledge among men. At this milestone on its 
journey into the unknowm future, the Institution dedicates itself anew 
to the promotion of Smithson^s idesils* 

‘‘Mr. Lawler, on behalf of the Board of Regents of the Smithsonian 
Institution and for myself, I thank you for the recognition of the 
Institution's work expressed through this fin^s commemorative atamp, 
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and for this first sheet, wliicli will have a place of honor in onr phila¬ 
telic collections.” 

Centennial pi^lkationf.—To provido a permanent record of the 
Institution’s hundredth anniversary, as well as to call public atten¬ 
tion to the event, there was issued on August lO, 11146, the anniver¬ 
sary date, a book entitled *nie Fii^ Hundred Years of the Smith¬ 
sonian Institution,” by Webster P. True, chief of the Institution’s 
editorial division. In it are reviewed briefly the origin and develop¬ 
ment of the Institution itself and of the several biircnus that have 
grown up around the parent organization, its eitensivo work in the 
fieliis of researdi, exploration, and publication, and its function in 
times of war. Special attention was given to typographic design and 
to the illustrations, with the result that many commendatory letters 
have come from recipiente of the book. 

I also authorized the preparation of a complete list, with classified 
index, of all publications of the Kational Museum from 187o, the year 
in which the Museum began poblicfition of a separate series, to 1046, 
the list to appear as n feature of tile Centennial observance^ TIio proj¬ 
ect was turned over to the editorial division, and the difficult task of 
preparing the classified index was undertaken by Sliss Gladys O. 
Visel, of that division. It is hoped to issue the list before tho close 
of the calendar year 1946. Copies will be placed in libraries and 
universities throughout the world, and the availability of such an 
index will greatly increase the usefulness of the Museum’s publications 
to scientists and students: 

SmitAeonian Imiituiiem Centennial issue of *‘Sdence.^—Tl\e journal 
“Science,” oRicial organ of the American Association for the Ad¬ 
vancement of Science, very generously devoted the entire issue of 
August 9,1946, to the Smithsonian Centennial. The editor of Science, 
Dr. Willard L. Valentine, named as guest editor for the issue Paul H. 
Uehser, assistant chief of the Smithsonian’s editorial divisio'n. After 
an introductory statement by the Secretary outlining the developments 
and activities of the Institution, special articles by Smithsonian staff 
members review tho various phases of Hs work, including astro¬ 
physics, anthropology, geology, biology, and enginoering, as well as 
its publications, the International Exchange Service, its library, and 
the Smithsonian Deposit in the Library of Congress. 

Centennial canvaeation ,—On October 23,1946, a Smithsonian con¬ 
vocation was held to mark in a more formal manner tho Institution’s 
one-hundredth anniversary. The event was timed to coincide with 
the fall meetings of the National Academy of Sciences and of the 
American Philosophical Society, the members of which, together with 
some 40 distinguished foreign scientists who attended their meetings, 
were the guests of the Institution for an evening affair in the Natural 
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History Building of the National Museum. There were felicitationa 
by Dr, L. P. Eisenhart for the American Philosophical Society, 
and by Dr. F. B. Jewett for the National Academy of Sciences, with 
a response on behalf of the Institution by the Secretary, and an illus* 
trated lecture by Dr. it IV. Stirling, Chief of the Bureau of American 
Ethnology, on the La Venta culture of southern Mexico, rev'iewing 
the scientific results of his 8 years of archeological work in that region 
in cooperation with the National Geographic Society. The address^ 
were followed by a reception to the National Academy and Ameri¬ 
can Philosophical Society members and some 1,000 other scientists, 
educators, and GoTermnent officials. 

/'tfiiiV notice of the (fenteTiTtiait -—On August 10, 1046, the White 
House issued as a news release a statement by President Harry 3. 
Truman, who is ei officio Presiding Officer of the Institution. The 
statement is here quoted in full: 

“On August 10, 1846, James K Polk, eleTcnth Presideut of the 
United States, put his signature on the act of Congress establishing 
the Smithsonian Institution. Today, August 10, 1046, we celebrate 
the one-hundredth armiversary of this Tenemble organization that is 
an American tradition, 

“As presiding officer of the Institution, it is fitting that I, as Presi¬ 
dent of the United States, should publicly take cognizance of this 
occasion, 

“When James Smithson, an English chemist and mineralogist, died 
in 1820, it was found that he had left his fortune to the United States 
to found at Washington, under tha name of the Smithstmian Insti¬ 
tution, an establishment for the increase ami diffusion of knowledge 
among men. When Congress wasnotifiedoftheunusual bequest, there 
arose a storm of debate, at times highly acrimonious, as to what to do 
with the gift. But finally, after some 8 years of disctisfdon, sane 
counsel prevailed, the bequest was accept^, and the Smiilisonian 
Institution was formally established under a broad definitioa of its 
proper functions. 

**Tbfl act of foundation provide that the Smithsonian establishment 
shall consist of the President, the Vice President, and the Chief Jus¬ 
tice of the United States, together with the heads of the Eiecutive 
l>epartment 3 . Tfie managing body of the Institution Is the Board of 
Kegents, composed of the Vice President of the United States and 
tlie Chief Justice of the United States, es officio, three Senators, three 
llepresentatives, and sii eminent citizens. The executive officer di¬ 
rectly in charge of the Institution’s activities is the Secretary, cliosen by 
the Board, There have been sis eminent Secretaries: Joseph Henry, 
physicist; Spencer Fullerton Baird, biologist; Samuel PierpontLang- 
Tsaaac— *t-2 
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loy^ asttonoTner and pioneer in afti^nautics; Clinrlcs Doolittle Walcott, 
^'■eologist and paleontologist; Charles Greeley Abbot* astrophysicist; 
and the present Secretary, Alexander Wetmore, biologist. 

“It is hardly necessary to state that this is the age of science—news¬ 
paper headlines remind ua of this every day. Atomic power, jet pro¬ 
pulsion, television, transmutation of elements* tnetals from sea water, 
penicillin—all these and many more present-day marveb traoa back 
invariably to basic scientific in vest igat ion. In view of the more 
spectacular nature of recent discoveries in physics, chemistiy, and 
medicine, and their adaptabilitj to prompt economic application, we 
are likely to lose sight, of the equal importance to mankind of research 
in such other sciences iis anthropology, biology, and geology—scicnccs 
with which the Smithsonian Institution has been particularly con¬ 
cerned. Here, too, the steady progress made during the past 100 years 
has likewise contribuled greatly to raan^s welfarcj through a better 
knowledge and hence a fuller control of his environment, an under¬ 
standing without which our present high hopes and plans for a united 
and peaceful world would have an even more difTicult road to travel. 

^For a full century the Smithsonian Institution has been a world 
center for the promotion of science, art, and other cultural activities. 
Congratulations are in oi'der upon tiie Smithsonian^s record in the 
advancement of science and culture during a most important century 
in the history of mankind, but this should be not merely a ttrats for 
counting laurels. Bather it should be a time for further considera¬ 
tion of the ideals of the founder, James Smitlison, and a renewal of 
tlie Institution's zeal in the increase of the sum total of man's knowl¬ 
edge, Hie Smithsonian should continue to strive toward tlie end 
that man should not only know better hia earthly abode, but should 
acquire the means of knowing himself better. Such studies are of 
vital significance in our pre^t efforts to build a better world order, 
and to break the cycle of recurring wars of ever-increasing destruc¬ 
tiveness. 

^^On this one-hundredth anniversary of the founding of the Smith- 
son Jan liiftitiition, may we accord all honor to the founder, James 
Smithson, for his lofty and far-seeing ideals. May the next 100 years 
bring even more glory to the name of the Institution and to that of its 
founder.” 

In addition to carrying Uie White House release, many leading 
newspapers and magazines printed special feature articles on the 
Smithsonian Centennial, and a number of radio commentators called 
attention to the event on their August in news programs. 

Special Ueiitennia? exhibit .—With the aim of bringing the Institu¬ 
tion's Centennial to the attention of the thousands of visitors who 


REPORT OF THE SECRETARY 


9 


the Museum buildings every dfty, a specisil exhibit was opened 
on Aug:ust 10 in the foyer of the Natural History Budding. In sepa¬ 
rate alcoves were printed grapluailly by means of maps, photo- 
gruphsj specimeiifij and publications the various phases of SmUbsoniati 
work during the past 100 ycara. Tim alcoves covered origin and his¬ 
tory, research, exploration, publications, art, and custodianship of 
the national collections. 

POSITION OF THE INSTITOTJOX AFTER 100 YEARS 

Be fore surveying the Institution's piTesent position, I will introduce 
the subject by quoting a part of my general staieinent printed in the 
August 9 issue of Science, which was devoted to the Smithsonian 
Centennial. 

August 10,134G, tJie Smithsonian Institution came into being 
when. Jffejnes K. Polk, President of the United States, aftlxcd his signa¬ 
ture to the act of its foundation. For 100 years the Smithsonian has 
carried forward Smitlison’s ideal through scientific research in many 
fields, tlirough world -wide esplomtion, through publications embody¬ 
ing the results of original investigation, and through other accepted 
methods of incieasing and diffusing information. 

“At llie middle of the last century, Washington, the capital of our 
Nation^ wa^ a small city of some 50,000 inhabitants. Great expanses 
of imoccupied land lay beyond the Appalachian AfounUlns, and the 
detaiiiKl exploration of the vast area beyond the Missouri Eiver was 
under way* The American Philosophical Society met in Philadelphiat 
certain other societies with scientific interests bad been organised, and 
small natural history miisemns existed in a few centers, such as 
Harvard College and Charleston. Science in any of its branches was 
at best an avocation in this New World, except to a few individuals, 
and those Americans who had opportunity or leisure for scientific 
studies looked almost wholly for guidance to the Old World, whence 
they or their immediate ancestors had come* Into such a setting came 
the new Sniitlisonian Institution, to supi^ort and encourage scientific 
and oultura] knowIcHLlge and to give to American science a powerful 
and far-reaching stimulus. 

“Joseph Henry, first Secretary of the Smithsonian, set up a wise 
and far-seeing plan of organissation, effective in the sound basic prin¬ 
ciples on which it rested, embodying dose cooperation with other 
agencies and individuals, and loo^ng to the cumulative advancement 
of knowledge. After Henry came Spencer Fullerton Baird, biologist, 
as second ^retary; then Sjimud Pierpont Langley, astronomer and 
pioneer in aeronautical i^search^ Charles Doolittle Walcott, geologist 
and paleontologist; and Charles Gredcy Abbot, astrophysicist— bE 
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distinguisbed men of science. From its early activitiea, bureaus grew 
up around the parent Institution— first the United States National 
Museum, then the International Exchange Service, the Bureau of 
American Ethnology, the National Zo<]logioal Park, and tl« Astro- 
physical Observatory. As the public value of these services became 
evident, their support was assumed in whole or in part by the 
Government, although they remained as bureaus of the Smithsonian 
Institution. 

*‘In addition to its scientific activities, the Smithsonian is charged 
in its act of foundation with respo^nsibility for national art treasures. 
The art feature iias culminated recently in the National Gallery of 
Art, given to the Nation by Andrew TrV. Mellon and augmented richly 
by other philantbroinsts. The Gallery is established as a bureau of 
the Smitlisonian Institution, but is directed by a separate board of 
trustees. The earlier art interests of the Institution are included in 
the National Collection of Fine Arts and the Freer Gallery of Art, 
The latter, presented and endowed by Charles L. Freer, is devoted 
cliiefly to the Oriental field, and through its highly valuable archeo¬ 
logical materials will figuro more and more importantly in strictly 
scientific studies. 

“From one building, a small staff, and n single publication, the In¬ 
stitution has grown in a century until it now occupies five building 
on the Mall and numerous structures at the National Zoological Park, 
while it issues 14 series of publications, each devoted to a particular 
sphere.” 

As the Institution goes into the second century of its existence, its 
position is strong in some respects and weak in others. Ita work in 
the increase and diffusion of knowledge over the past 100 years has 
established for it a national and international reputation among 
scholarly organizations, providing unquestioned entree into any field 
of cultural endeavor anywhere in the w'orld. On the staffs of its 
scientific bureaus—namely, the United States National Museum, the 
Bureau of American Ethnology, and the Astropbysica) Observatory— 
are highly trained specialists in several branches of science, many of 
them ranking among the leaders in their rrapective fields. In the 
National Museum, vast study collections in biology, geology, and 
anthropology offer unlimited opportunity for fertile investigations 
in those fields. The three bureaus of the Institution devoted to art— 
tlie National Gallery of Art, the National Collection of Pine Arts, and 
the Freer Gallery of Art—idl comprise splendid art collections in their 
respective fields, togetlicr forming a growing aggregation that makes 
Washington one of the world's art centciSb 

On the other side of Uie picture, weakn^ses exist in several dlrec- 
tions. The collections and essential staff of the Institution and its 
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Tarious bureaus have long since outgrown the present housing facili* 
ties and physical equipment. Many of the Institution*^ acti^^ities, both 
scientific and administratiye^ are uodcrmanned^ leading to some degree 
of fa i] u re to enter upon desirable new enterprises. F in anclal resoii rcc$> 
public and private, should be increased to promote the Institution's op¬ 
portunities for advancement of knowledge through research and pub- 
lication^ The public exhibits in the National Museum, viewed by 
more than 2,000,000 visitors each year, require modernisation, begun 
in 1040 but postponed because of the war. Resources available for 
printing and binding have not been sufficient to enable the Institution 
to keep prtce with the manuscript output of the scientific staff or to keep 
abreast of the necessary binding in tho Smithsonian library of liCH)0,- 
000 volumes. This condition has led to the creation of a large backlog 
of unpublished scientific manuscripts, and of unbound periodicals in 
the library. 

The first step toward improvement is the recognition of weaknesses. 
Having outlined important ones, I n^ay take some satisfaction in stat¬ 
ing tJiat plans are now shaping up to remedy them. A building pro¬ 
gram to relieve the present overcrowding is already outlined, and the 
outlook is bright that before many years more building space will be 
available to assure proper operation and normal esponsion^ Definite 
efforts have already been started to obtain funds to increase Llie per^ 
sonnel where it is most needed, to make a beginning on modernization 
of exhibits, and to keep more nearly abreast of the manuscripts pro* 
duced by the scientific staff, so essential to the Institution's rcspoitsibil- 
ities in the diffusion of knowledge. 

Wlien the Smithsonian Institution was founded 100 years ago, it 
stood almost alone in America as an organization devoted solely to 
tlie promotion of science and of learning in general. During the first 
century of its Ksistenee^ other large foundations hove come into being— 
Botne of them with far larger re-sources—until today there sro in 
Aiucrica scores of research institutions and labonitories, some of them 
independent foundations, some attached to universities, and others 
forming essential parts of large industrial concerns. While many of 
these are restricted to specific lines of scientific work, the Smithsonian 
Institution has no limitation in scope of activity long as its en¬ 
deavors operate to increase and diffuse knowledge. It can therefore 
enter into any new fields of investigation that are feasible with tho 
funds and personnel at its command, but in order to mako its work 
most effective in the increase of knowledge, the Institution must now 
plan carefully to avoid duplicating the efforts of other research 
organizations. 

At the clo$o of its first ccntuiy of operation and standing at the 
threshold of the second century, the Institution's first concern will be 
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to coEtiDue to execute faitlifuUy the trust reposed in the United 
States of America by Jinues Smithson, its founder, more than lOO 
years ago. 

PHOPOSEUJ NEW BUILDINGS 

On October 3, 1&45, H, E. i2T6, the Public Buildings Act of 104S, 
was introduced in Congress and referred to the Conunittee on Public 
Buildings and Grounds. The part that concerns the Institution reads 
as follows: 

“Sec. 202. The Federal Works Administrator is hereby authorized, 
under the proviaions of the Public Building Act of ilny 25,1026, as 
amended {40 U. S. C. Ml-347), to acquire land where necessary and 
to construct for the Smitlisonian Institution the following buildings 
and facilities: 

{a) A building on a suitable site in the Mall for a historical 
museum to include space for the exhibition of the historical collection 
of tlie Ifaticin, including naval and military collections, memorabilia 
of noted Americans, philately, and numismatics, under a total limit 
of cost of ^,600,000. 

(i) A building for the engineering and industrial collections of 
the Eation, including aTiution, umier a total limit of cost of 53,150,000. 

(c) Additional facilities at the Xational Zoological Park, includ¬ 
ing an aquarium, a lion house, an antelope house, a monkey house and 
monkey island, and barless pits and paddocks, under a total limit of 
cost of &2,645,000."' 

If this bill becomes a law and the funds autliorized are appropri¬ 
ated, the very eateusive and valuable national collections in the fields 
of history and engineering and industries could be properly housed 
and exhibited to the public. The exhibits in these fields, which are 
among the most interesting of all to visitors, are at present crowded 
togetiier in one building erected 67 years ago and now entirely inade¬ 
quate for the purpose. 

To anticipate slightly the next fiscal year, the President approved 
on August 12, 1046, an act to establish a national air museum as a 
bureau of the Institution and to authorize the appropriation of cer¬ 
tain funds for the pui-p(»e. When funds are made available to carry 
out the purposes of this act, the present intolerably overcrowded con¬ 
dition of the national aeronautical collections will be alleviated. The 
vitally interesting historical aircraft, engines, and other aeronautical 
material now in the collections are housed in a steel structure built 
during World War I and later turned over to the Institution to ac¬ 
commodate temporarily the growing aircraft collection. This build¬ 
ing is now fiill to overflowing, leaving no space to exhibit material 
illustrating the tremendous recent advances in aeronautics. 
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It IS the earnest hope of the Institution that these proposed build¬ 
ing:^ will become actualities in the near future to the end that the price¬ 
less national collections ma^ be properly safeguarded and exhibited to 
the ever-increasing number of visitors from all parts of the country« 

CANAL zone; biological AI;CHA 

Under the President's Keorganization Plan No. 3^ the biological sta¬ 
tion on Barro Colorado Island^ known as the Canal Zone Biological 
Arca^ was placed under the administration of the Smithsonian Insti¬ 
tution on July Ifij 1M6. This area in Gatun Lake was set aside by a 
1940 act of Congress in order to preserve in its original state the fauua^ 
flora, and other natural features for study by scieutista, particularly 
those from North, Central^ and South America- 

The Barro Colorado station has been maintained as a Federal agen¬ 
cy since 1940 by contractual arrangements with other Federal agen¬ 
cies and by fees subscribed by American scientific institutions. The 
income from this method of suppoit has not, however^ been suflieient 
to maintain the laboratories and other facilities m good condition, 
and the Itusti tut ion’s first concerTL upon taking over this new respon¬ 
sibility will be to obtain funds for rehabilitation of the physical plant 
and the proper equipping of the laboratories and other buildings. 

The i-eorganization plan was not actually approved until shortly 
after the close, of the year, so that furilier discussion of the proj¬ 
ect will be reserved for the next report 

FOURTEENTH AliTHUB LECTUHE 

Under the terms of tlie will of tlie late James Arthur, of New York, 
the Smithsonian Institution received in 1031 a fund, part of the in¬ 
come from which should be used for in annual kctui^ on some aspect 
of the science of the sun. 

The fourteenth Artlmr lecture, entitled **The Sun and the Harvest 
of the Sea,’’ was given by Dr. Waldo L. Schmitt, head curator of bi¬ 
ology of the National Aluseuni, on March 5,1946. This lecture, with 
illustrations, will be publidicd in the Annual Report of the Smith¬ 
sonian Xnstitutian for 1946* 

BUMMART OF THE YEAR'S ACTTIVITIES OF THE BBANCHES OF 'THE 

INSTITUTION 

Nathn^il Mmeum .—In this first year after tlie end of the war there 
were marked increases in the number of specimens accessioned and in 
tbe number of visitors, und field expeditious began again to go out from 
the Museum after having been held in abeyance during the war years. 
Outstanding among the year’s accessions were tlie following; In an¬ 
thropology, 6,TG5 artifacts fixim protohistorlc ludian sitea in Kansas 
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and adjoining States, 226 specimens from Ezion-gcter in Tmns- 
Jordan, and documented field collections from Melanesian viUoges of 
nortlieastern New Guinea; in biology, large numbers of specimraa 
from the Pacific area, most of them resulting from activities of milU 
tary and naval organizations or personnel, including birds and mam¬ 
mals from the South Pacific and the Orient, fishes from the Alarianas, 
tO^OOO mosquitoes from various Pacific islands and Burma, and plants 
from the Admiralty, Aleutian, Caroline, and Solomon Islands, and 
other Pacific areas; In geology, specimens of four minerals not hitlierto 
represented, sal-ammoniac crystals and other sublimate from the new 
ilesican volcano, Faricutin, and large collections of fossil inverte¬ 
brates from various localities in the United States; In engineering and 
industries, 3 electromechanical tabulating machines and Mveral high¬ 
speed precision guges, 2 early commercial sewing machines of 1858 
and IST-I, and a specially designed exhibit illustratiug the rontribu- 
tions of the mineral kingdom to materia medica; in history, a 
Japanese parachute found in New Guinea, 37 models of United States, 
French, and British warships of World War H, and 4 dresses dating 
from 1814,1855,1861, and 1894 for the collection of American period 
costumes. Field work included insect studies m Colombia, a survey 
of the fish and game resources of Guatemala, a surrey of the fauna of 
Bikini Atoll in connection with atom-bomb tests, studies of the 
bird life of Panama and of Colombia, and fossil collecting in various 
parts of the United Slates. Visitors for tbo year totaled 2,115,593, 
an increase of nearly 400,000 over the previous year. The Museum 
published tivo Annual Reports, six Bulletins, and five Proceeding 
papets, 

GaHety of Arf.—Six new gallery rooms were completed 
and opened to the public on February 2, 1946, and a contract vras 
entered into for the installation of additional air-conditioning equip¬ 
ment. The Gallery continued to receive many valuable gifts of paint¬ 
ings, sculpture, decorative prints and drawings, and one painting 
“Siegfried and the Rhine Maidens,” by Albert P. Ryder, was pur¬ 
chased with Gallery funds. Traveling exhibitions of water colors 
and drawings from the collection of the Index of American Design and 
prints from tlie Rosenwald Collection were shown at a number of 
art galleries and museums^ Tlie Gallery accepted for safekeeping 202 
paintings from German museums; these have beeu placed in storage 
until conditions in Germany insuring their proper care have been 
reestablished. The staff prepared a number of books and catalogs on 
the Gallery collections, and contributed articles to outside art journals. 
The second edition of “Masterpieces of Painting from the National 
Gallery of Art” was placed on sale, and a third edition was being 
prepared. A new edition of the General Information booklet, for 
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free distribution to visitors, was issued, and the sale of postcards, 
color reproductions, and moderately priced catalogs was continued. 
The Sunday evening concerts in tile East Garden Court, and the daily 
lO-minute talks on “The Picture of the Week,” were continued with 
nndimitiishcd popularity. The total number of visitors to the Gallery 
was 1,947,668. 

Nattovjail Collection of Fine The twenty-thiid meeting of 

the Smithsonian Art Commission was held on December 4.1945, when 
four art works submitted during the year were accepted for the 
J^ational Collection. Resolutions were adopted on the death of 
Herbert Adams, a member of the Commission, and John Taylor Arms 
was recommended to succeed him. To succeed Edward W, Redfield, 
who resigned during the year, the Commission recommended Eugene 
E. Speicher. Two miniatures were acquired through the Cfttberina 
Wnlden Myer fund, and two pieces of pottery through the Reverend 
Alfred Duane PcH fund. Eleven special cihiLitions were held during 
the year, as follows; Tim Jlonorable William D. Pawley collection 
of ST portraits of “Fli'ing Tigers" by Raymond P. B. Kcilson, R. A.; 
28 sculptures by Genaro Amador Lira, of Nicaragua; 20 portraits of 
members of the Lafayette Escadrille, by John Elliot t; the Eighth 
Metropolitan State Art Contest, comprising 412 painting, sculp¬ 
ture, prints, and metalcraft; the forty-fourth annual exhibition of 
miniatures by the Pennsylvania Society of Jfiniature Painters, con¬ 
sisting of 100 miniatures; 53 portraits by Alfred Jonniaus; A Cen¬ 
tury of the Greeting Curd, courte^ of Brownie’s Ulockprints, Inc^.; 
53 oil and water-color paintings by Charles P, Gruppe; 54 painting 
of Siam by students of the School of Arts and Crafts, Bangkok; 
Biennial Exhibition of the League of American Pen Women, in¬ 
cluding 582 art objects; and the Scholastic Calendar Art Competi¬ 
tion, including 150 paintings. 

Freer Goffery of Art.—Additions to the ccdlections included 
Chinese bronsc, pointing, and pottery, Badiian and Chinese metal¬ 
work, n Korean gold ornament, and a Chinese manuscript. TIxe work 
of the staff was devoted to the study of now accessions and of objects 
submitted for purchase; general research work within the collections 
of Chinese, Japanese, Arabic, Persian, and Indian materials; the prepa¬ 
ration of material for publication and the revision of earlier work; 
docent service, and public lectures. Rx^ports were made upon 1,612 
objects and 408 reproductions of objects submitted for exonitnatjon, 
and 132 Oriental language inscriptions were translated. Tho total 
number of visitors to the Gallery for tho year was 97J322, and 1,625 
persons visited the main office for various purposes Members of the 
staff made several trips out of Washington on official business con¬ 
nected with tlie work of the Golleiy. Miss Grace Dunham Quest, 
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Afsistant Directorj retired June 30, after 26 years uf service with the 
Gallery, and wag given the honorary title of Freer Gallery of Art 
research associate. John A- Pope, associate in research, and William 
R, B. Acker^ associate in languages, returned to the Gallery from 
absence on war duty. 

Bureau of American Ethjwloffy .—The Smithsonian Institution- 
National Geographic Society archeological project in southern Mexico 
was carried forward by Dr. M. W. Stirling, Chief of the Bureau, 
assisted by Dr, Philip Drucker of the Bureau staff. Twenty-four 
atone monuments were located, including altars, statues^ and mono¬ 
lithic heads of Olmec and La Venta type. Dr, Frank H. Roberts, 
Jr,, Assistant Chief of the BureMU, was designated director of the 
archeological surveys and eicaTations of Indian sites to be flooded by 
proposed dam construction in various river basins, to be conducted, 
under Smithsonian administration in cooperation with the National 
Park Service, the Corps of Engineers, and the Bureau of Reclamation. 
A large part of his time during the year was devoted to this extensive 
projects Dr. John P. Harrington continued his study of Indian 
languages^ producing a Kiowa grammar of 405 manuscript pages. 
Later in the year he pursued linguistic studies in New Mexico and 
California. Dn Henry B. Collins, Jr,, directed the closing operations 
of the ethnogcographk board for 6 months after dissolution on 
December 31, 1945, and then resumed his re^arch on Eskimo arche¬ 
ology. He attended ^several meetings of the board of goveniorg of 
the Arctic Institute of North iWerica in Montreal. Dr. William N. 
Fenton continued his study of the place names of the Cornplantor 
Senecas and collected material relative to the Condolence Council for 
installing chiefs in the Iroquois League. In connection with his 
Iroquois studies, Dr. Fenton attended the First Conference on Iroquois 
Hosearch at Allegany State Park, N. Y., October 2(5-28. Dr. Gordon 
Willey <^mp1eted a 50,000-word manuscript on/^Excavations in South¬ 
east Florida” and a 21^,000-word article on South American ceramics 
for inclusion in the Handbook of South American Lidians. He also 
assisted Dr. Roberts in preparing preliminary plans for the Federal 
Valley Authority archeological program. At the end of the fiscal 
year he wjis engaged in ai'cheological work in the Viru Valley in 
northern Peru. The In^ttute of Social Anthropology, an autonomous 
unit of the Bureau under the directorship of Dr. Julian H. Steward, 
continued itg program of cultural and scientific cooperation with the 
other American republics by a transfer of funds from the Department 
of State. University courses, and field researches were conducted in 
Mexico, Peni, and Brasil in cooperation with cultural orgunixations 
of those countries, and several publications resulting from the field 
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work were in press. Miss Frances Densmore, a collaborator of the 
Bureau, submitted three papers on Indinzi music and a complete bibli¬ 
ography coFering 50 yes^rs of study of American Indmn music. The 
Bureau issued one Annual Report^ one Bulletin^ two volumes of the 
Handbook of South American Indians, and one publication of the 
Institute of Social Anthropology. 

Exchunffes *—^The International Exchange Seirvice is 
the oEGcia! agency of the United States for the exchange of govern¬ 
mental and ^scientific publications between this country and all other 
countries. During the war shipments to many countries were neces¬ 
sarily suspended ; but during the past year most of these shipments 
have been resumed, and accumulated material being held at the Insti¬ 
tution was reduced from 3^512 boxes to 1,109. The number of pack¬ 
ages passing through the exchanges totaled 540,502, which included 
3,117 boxes shipped from the Institution, an increase of 2,134 over the 
previous year; the total weight of llie material handled was 472,3DD 
pounds. The average weight of the individual packages was nearly 
double that of the year before, indicating that lustitutious are sending 
out some of the material held up by tbe war* 

Natimal Zoological Park, —During the war years^ because of short¬ 
age of personnel, mainteumnee of buildings and grounds was neces¬ 
sarily neglected to some extent. Although the i^tum to prewar main¬ 
tenance standards hiis been liampercd by the difficulty of recruiting 
trained personnel, uevertlieless the past year witnessed a perceptible 
improveusent in general conditions throughout the establishment. 
The Park urgently needs new buildings to replace the remaining 
antiquated structures still being used to house animals, and prelimi¬ 
nary planning has been discussed with tlte Public Works Adminis¬ 
tration for construction of these buildings when conditions justify 
Each work* The number of visitors for the year showed a raorked 
increase over Uie previous year, owing to tJie removal of the wartime 
ban OD pleasure driving and to the general increase in civilian travel. 
The total number of visitors was S;J72,S3Tj an increase over the fiscal 
year 1945 of 265,253. Although the number of rare or unusual ani- 
inals has natui-a Uy decreased somewhat under wartime conditions, the 
reduction is largely offset by an increase in number of the commoner 
kinds. Rarities gradually began to come in again during the year, 
and it is anticipated that normal growth in this reqwet w'ill now be 
resumed. At the close of the year the population of the Zoo num¬ 
bered 2,553 individual creatures, representing 761 different species. 

A»trophy*icai Observati/ry.^Flnhl tabulation was made of the 
aolar-constant values for tlie calendar year 1045, A new vacuum 
bolometer, designed at the Observatory^ will eliminate gradual loss 





18 ANIfUAL BEPOHrr SMITHSONIAIf INSTITOTIOX, l&4fl 


of Bensidvity. Under tlie terms of a coTitract witli the Office of the 
QuartermsEter General, the Observatory is making a detailed study of 
Hun and sky radiation at Camp Leo, Va., as part of the prograio to de^ 
terinme causes of tent-fabric deteriomtion. Eight copies of a special 
instroment based on the sensitive, quick-acting thermoelement devel¬ 
oped at the Observatory have been installed and put into operation at 
Camp Jjee. A large volume of infonnation is accumulating concern¬ 
ing the amount and kind of radiation, for each hour of each day, that 
falls on tlie tents being tested. Observations continued at the three 
field stations until Februaiy 1&46, when the Tyrone, N, lies., station 
was dosed. The equipment will be installed temporarily at a sea-level 
location in Florida to study transmission of radiation through water 
vapor. Dr. Abbot published two papers dealing with his studies of 
tho correlation between solar activity and weatJier changes. In the 
Division of Radiation and Organisms, experiments have been carried 
on in connection with improving the accuracy of apparatus used in 
determining the amount of carbon dioxide absorbed by gr<icn plants 
in the process of photosynthesis. The study of plant growth under 
controlled artificial conditions of mineral nutrition, illumination, tem¬ 
perature, and humidity has been continued. Further improvement 
of tedmique Is being studied. 

publications 

The Institution’s several series of publications constitute its chief 
means of carrying on the “difiusion of knowledge,” which joins witli 
the “increase of knowledge” to form the purpose of the Institution as 
stipulated by the founder, James Smithson. The Sniithsoninn pub¬ 
lication program started in 1&4S with one series, the Smithsonian Con¬ 
tributions to Knowledge, and us tlie Institution’s ix^arch work ex¬ 
panded over the years, otlier series were established to contain the 
several phases of its investigations until today the Smtlhsonian im¬ 
print appears on 14 distinct series. At the end of its first full century 
of existence, the Institution has issued some 7,500 individual publica¬ 
tions, of which 12,000,000 copies have been distributed. As the great 
majority of these w'orks are (he result of original researches, a large 
volume of basic new knowledge has been made available to the world 
through Smithsonian publications. It litts been stated on numerous 
occasions that few textbooks or encyclopedias exist that have not drawn 
to some extent on publications of the Smithsonian Institutioit. 

Among the outstanding papers issued during the year may be men¬ 
tioned “A Bibliography and Short Biographical Sketch of William 
Healey Doll,” by Paul Bartsch, Haraltl Rehder, and Beulah E, Shields; 
“Sunspot Changes and Weather Changes,” by H. H. Clayton; “An 
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Annotated Checklist and Key to the Snakes of Meiieo,*' by Hobart M. 
Smith and Edward M. Taylor; “The Birds of Northern Thailand,” 
by If. G. Dothan; “The Indians of the Southeastern United States,” 
by John R. Swanton; and volumes 1 and 2 of the Handbook of South 
American Indians, edited by Julian H. Steward. 

A total of 64 publications was issued during the year, and 130,750 
copies of publicationa in all series were distributed- 

UBHAHT 

With the ending of tho war early in the fiscal year, and the gradual 
improyenient in shipping conditions, the transmission of material from 
European countries was resumed, and receipts increased in frequency 
Olid number, tile total number of accessions recorded being 37,14S. 
Also, the library was able to send abroail several thousand pieces f rom 
its stock of duplicates to assist in the rehabilitation of destroyed 
libraries. Among tlie 1,303 books purchased were a number of out- 
of-print works which are noteworthy not so much for their rarity as 
because they fill some special g’^ps in the collections. Outstanding 
among the gifts of books and pamphlets was the late Charles W. 
Gilmore’s private collection of 600 volumes and hundreds of reprints 
and separates on vertebrate paleontology which was presented to the 
library by Mrs. Gilmore. The total recorded volumes in tho library 
at the end of the fiscal year was 95i8,353i of this number 5,219 wera 
accessioned this year. Two hundred and sisty^two new ezchangra 
were arranged; 6^59 specially requested publications were received; 
6,124 volumes and pamphlets were catalogwl, 25,336 cards were added 
to catalogs and self lists, and 12,947 periodical parts were entered; 
loans totaled 10,225. There were 820 volumes sent to the bindery, 
and I,0l0 volumes were repaired in tlie Museum. The most urgent 
of tile library’s needs coctinuea to be more and better-arranged shelf 
room. There is also need of an increase in the library staff for cata- 
loging and for systematic work on the large collection of duplicates. 

Respectfully submitted, 

A. WBmoRa, Sientary. 
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appendix 1 

REPORT ON THE UNITKD STATES NATIONAL MUSEUM 

Sib: I have the honor to submit the following report on the con¬ 
dition and operation of the United States National Museum for the 
fiscal jear ended June 30,104G. 

Appropriations for the operation of the National Museum for the 
year totaled $&i)l,053, including funds for the increase, study, exhi¬ 
bition, and preservation of the national collections^ for maintenance, 
repair, operating, and guarding all the building} of the Smithsonian 
group j and for printing and binding- This amount represented an 
increase of $52,059 over the previous 3'ear, 

ooujicmoifs 

Approximately 379,000 specimens came to the Museum’s coUections 
during the year, received in 1,594 separate lots. The five departments 
registered specimens as follows; Anthropology, 9,026j biology, 320,* 
037 j geology, 45,163; engineering and industries, 1,480; history, 3,600. 
Most of the accessions were acquired as ^fts from individuals or as 
transfers by Government departments and agencies. The complete 
report on the iluseum, published as a separate document, includes a 
detailed list of the year’s acquisitions, of which the more important are 
summarized below. Catalog entries in all departments now total 
18,820,000. 

AutAropofuiry.—Prehistoric specimens received derived from s^ 
diverse parts of the world as Trans*Jordan, Ital}’, Ecuador, iI4xico, 
and the United States. They include 6,765 artifacts from protohis- 
toric Indian sites in Kansas and adjoining States; 226 specimens 
from Ezion-geher, seaport to King Solomon’s copper smellers, on the 
north shore of tli e Gulf of Aqabah, T rans-Jordan; a carefully docu* 
mented series of 193 potsherds from surface sites throughout Trans- 
Jordan; 486 diverse artifacts from the highlands of aiexico; 149 
stone, earthenware, and coi>per artifacts from the former Ciicrokce 
re^on of Tennessee and North Carolina; 17 earthenware vessels of 
Damiian ware from Apulia, Italy; and a hammered ox with cut-out 
figures from Loja Province, Ecuador, 

In ethnology, major documented field collections came from Mela¬ 
nesian villages of nortlieastcrn New Guinea, including objects of 
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msiny different kinds, some of which were hitherto iin reprinted m 
the lliiseunrs coHectioia. A unique spcciraen in the form of a carTed 
altar stone was presented by Admiral William F, Halsey, who had 
receivefl it from a Xew Caledonian native chief. Other important 
ethnologic nialcrifll came from the Southern Shan States, Korea, 
and Sumatra. The North American Continent was represented by 
two outstonding accessions: one a collection of basketry, skin gar¬ 
ments, and dance robes obtained in ISOO from the Hopa Indians of 
central California ami from the Indiana of the Great ^“>1^ 
the other a collection of weavings from the Xavaho and Chilkat In- 
diansL A specimen of antiquarian inter^ was a copy of the Holy 
Bible, with the Apocrypha, which was printed from slei^t^ platM 
originally used for the third (181D) edition of the Isaac GoUins Bible. 
In addition, geveral dozen pieces of antique glass war© were added w 
the ceramics coBeclioni The section of period art and textiles received 
an important coilcctioa of 10 pieces of Belgian needlepoint and 
bobbin-made laces dating from the period of World AVar I. 

To the physical anthropology division came about specimens 
of Indian skeletal remains from various counties in Illinois, Arkansas, 
and Missouri, and also skeletal material from Calhoun, Jersey, and 
St. Clairo Counties, Hi- Twenty-one cleared human fetuses were 
added to the valuable embiyological collection received last year. 

Biology .—^Nearly twice as many biological specimens were received 
this year as the previous year. 

Large niimbera of birds and mammals from the South Pacific region 
and the Orient came by transfer from the Army Medical School, the 
Naval Sfcdical School, and the U. S. A. Typhus Commission, while 
several hundred North American mammals and birds were transmitted 
by the United States Fish and AVildlife Service. Five handsome bear¬ 
skins and skulls and an unusually well-prepared skeleton of a beaked 
whale from La Jolla, Calif., were among other outstanding mammalian 
gifts. Ornithological field work in Colombia under the AA^ L. Abbott 
fund yielded about 1,350 birds to the Museum’s collections. Nearly 
650 birds wero collected for the Museum in Darien, Panami, and 60 
from the atom-bomb test site at Bikini Atoll, Other important avian 
epedmens from Admiralty Islands, Manchuria, Ceylon, Peru, Vene¬ 
zuela, and Canada found their way to the Museum’s division of birds. 
Reptiles and amphibians were added to the number of 2,177, about 
two-tliirds of which were received from the Naval Medical Research 
Un it No, 2 or from Scrv ice personnel. I n add ition, about 125 herpeto- 
logical specimens resulted from the Smithsonian Institution-National 
Geographic Archeological Expedition in Me^xico; 85 came from a 
donor in Haiti; and 20 taxoncimcally important frogs from Brasil. 
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About, 20,000 speclnieos of fishes were received during the year, 
aiuGiig which were the following Isrgie lots: About 3,800 front the 
collected by the Naval Medical Bcaearch Unit No. 2; about 
the same Tuimbc r transferred from the United States Fish and Wild¬ 
life Service, 1,000 from CliSle, and 2,800 from Louisiana and Texas; 
and 0,200 f^h-water fishes from southern California. Smaller lots 
coutaining much fine material, including many para types, came from 
Australia, Venezuela, Colombia, Guatemala, the Philippines, the 
Soutli Pacific, California, and Baja California, through the generosity 
of various donors. 

Several large lots of insects were received, the most important one 
both scientifically and economically lieing a collection of more thno 
10,000 mosquitoes and 4,000 slides of chiggcr-mites from various 
Pacific islands and Burma, transferred from the Naval Medical lie- 
search Unit No. 2 and the U. S. A. Typhus Commission. Another 
10,000 miscellaneous insects collected on Guam were contributed by 
various members of the armed forces. While cooperating with the 
Mexican Government in an economic geological survey in Mexico, Dr. 
W. F. Foshag, the Museum’s curator of mineralogy and petrology, 
obtained 2,500 miscellaneous insects for the National Museum, The 
largest entomological accession of the year was a ti-ansfer of about 
140,000 specimens from tlie United States Department of Agriculture, 
a large part of which represents insects ^t m by Army and Navy 
sources for identification. 

To the division of marine invertebrates came more than 5,000 new 
specimens. Of these about 1,250, mostly crustaceans, were aent by 
members or former members of the armed services stationed in the 
Pacific region, the Aleutian, Hawaiian, and Marshall Islands, Okin¬ 
awa, and Japan. Other accessions of interest included a lot of 050 
inveilebratos coUected in Guam, Rota, Okinawa, Pelelieu, and the 
Palau Islands and forwarded by the Naval Medical Research Unit 
No. 2; 25 barnacles from the Bureau of Ships; and small lots of 
crustaceans and leeches from the Army Medical Museum, the Army 
Medical SSobool, and the Eighteenth Medical General Laboratory. 
Included in the material received in the division of mollusks were a 
considerable number of type specimens. Transfers from the Army 
Medical Museum, the Army Medical School, and the Navy Medical 
School yielded 850 mollusks, chiefly fresh-water ga^ropods, from the 
Philippines, Okinawo, and Guam. Over 4,000 Japanese and I hilip- 
pine mollusks came from one donor, nearly 900 Philippine shells from 
another, 850 land and fresh-water shells from Virginia from another, 
and 1*840 Colombian mollusks from still anotlwr. In all, about 20,000 
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mollusks were added to the collections* The helnnnthological collec¬ 
tions were materially enhaticed by tbe generous bequest of the life¬ 
time coDcetions of the late Dr, Henry Biildwin Ward, distinguished 
parasitologist,^ 8^000 lots of helminths, including many types, were 
received from Professor Ward’s daughter* 

The number of plants received jumped from about 3D,000 in 1&45 
to nearly 42,000 in 1046, largely as a result of e:Kt€Dsi¥e collectioiis 
made by members of tJie armed forces while serving in the Admiralty, 
Aleutian, Caroline, Galapagos, Solomon and Philippine Island^ 
Guam and other Marianas, Japan, Okinawa, New Guinea, Burma, and 
France, The herbarium received t^,lOO Bur man plants by transfer 
from the U, S. A. Typhus Commission, and over 300 Ecuadorian plants 
from the Foreign Economic Administration. Other important lots, 
from private donors, came fi’om Colombia, Venezuela, and Mmco. 
Noteworthy botanical collections totaling 6,800 specimens were made 
for the Museum in Pananut and the Dominican Republic. In addition, 
about 5,000 plants were added to the herbarium as a result of ex¬ 
changes arranged with other institutions, in Europe, South America, 
Cuba, Canada, and the United States* 

Gcolaff ^*—^The department of geology accessioned 15,000 specimens 
during the year, nearly double the Dumber for last year, about 00 
percent of these being assigned to the division of invertebrate pale¬ 
ontology and paleobotany. 

The mineml collection continued its growth, partly through the 
several Smithsonian funds available for the purchase of specimens, 
but largely through gifts. Three new minerals not hitherto repre¬ 
sented—cattierite, valsite, and sulesite—were donated, while tJie new 
fipcciee sumpleite was obtained by exchange. The miueml collection 
of Dr. TlfTiitman Cross, containing specimens from many old classical 
localiti^ in Europe and the western United States, came as a gift and 
added much historically interesting material. Geological field work 
in Mexico by Curator W* F. Foshag yielded fine sal-ammoniac crystals 
and other sublimates from the newborn volcano Parlcutin^ and ex¬ 
amples of rare mercury minenik from Hiiahauxtla, Guerrero. The 
principal addition to the rock series also came from Dr. Foshag’e 
visits to Paricutin and comprised an extensive collection of lavas, ash, 
and other eruptive products* Extensive sets of mercury ores, cop¬ 
per, and fluorspar were also included in Dr. Fosliagk Mexican ma¬ 
terial. 

Three meteorites not previously represented in the Museum^s series 
were added j A slice of the Pine River, Wis., meteorite; a 3,57G-gmm 
specimen of the DImmitt, Castro County, Tex*, fall; and a piece of the 
Livin^loo, Tenn., occurrence. 
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The most important addidans to the gem collection came as tranS' 
fers from the Ptocurement Division of the Treasury Department, 
They include a large blue topaz, three due aquamarines, an ametbyst, 
and a tourmaline. Other outstanding gems were procured through 
the Canfield, Boehling, and Chamberlain funds. 

The following were noteworthy additions to the collections of fossil 
invertebrates: 367 type specimens of Middle Cambrian brachiopods 
and trilohites from Montana; 435 Middle Ordovician specimens from 
the unique cryptovolcanie structure at Kentland, Ind.f 750 bryozoans, 
corals, and other classes from the Middle Ordovician of Virginia and 
Tennessee; and 700 Devonian brachiopods from southwestern Ontario, 
From tho Upper Paleozoie rocks donations included 180 Pennsyl* 
rani an and Permian gastropods from New Itlesico, 500 Pennsyl¬ 
vanian fusulines, about 6,000 Pennsylvanian fossils from near St. 
TjOUIS, Mo., and 250 from near Moab, Utah. Gifts through the 
Springer and "Walcott funds added other worthy Paleozoic fossils, 
including 2,100 Cenozoic molludts from the Lord Calvert collection. 
Field trips conducted under the IValcott fund by Curator Q. A, 
Cooper and his associates resulted in about 5,000 specimens of Ordo¬ 
vician invertebrates from Alabama, Georgia, Tennessee, and Virginia, 
a similar number from the Ifississippinn and Pennsylvanian toc1:f 
of central Texas, and an equally large lot of Upper P.ileoroic fo®i1s 
from west and central Texas, together with 400 blocks from west 
Texas containing siticified fossils for etching. Tlie division also 
received 3,500 slides of Cretaceous Foraminifera from Arkansas and 
50 from Peru. Other gifts included important Cenozoic material, for 
example: 4,000 fossil fresh-water shells, 1,070 Tertiary fossils, and 
about 75 Pleistocene fresh-water gastropods from Utah, Important 
collections transferred from the United States Geological Survey 
comprised about 3,700 types of Carboniferous and Permian fossds 
described by the late Dr. George H. Girty; 200 Jurassic invertebrates 
from Wyoming: 6B5 Cretaceous ammonites frornWyoming; and 1,000 
Devonian and Missisaippian fossils from the Central Mineral Region 
of Texas, In addition, several hundred specimens were received by 
exchange with other institutions and individuals. 

In the division of vertebrate paleontology there was a decrease 
of material coming in, owing largely to the fact that no expeditions 
to obtain fossil vertebrata specimens could be sent out until just before 
the year’s end. The extreme rarity of fcBsil bird remains made note¬ 
worthy the gift of vertebrae, mandibles, and other bones of the double- 
crested cormorant PhaUtavcorajn avritta from Pleistocene deposits 
in Florida. Five fossil examples of the puzzling egg capsules of 
chimaeroid fislies from the Upper Cretaceous rocks of Mexico and 
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elEe-where itere transferred from the United States Geological Survey. 
Other fossil vertebrate additions included a mammoth tooth found in 
the mountains of Ecuador, 13 fossilized specimens of the fish Mallotfa 
vSlosns from western Greenland, and a partial skuU of the porpoise 
Eurhinedelphis from the Calvert formation in the Chesapeake Bay 
region. 

Engineering and ind^triee .—'Tliis department experienced a sub¬ 
normal year in the matter of new accesions, there being a drop from 
last year of about 50 percent in total number of specimens received. 
Among the year’s total of 1,480, however, there are several worthy 
of special mention. 

In engineering, a group of three Hollerith electromechanical tabu¬ 
lating machines and several high-speed precision gages were pre¬ 
sented by two interested corporations. The United States Maritime 
Commission transfeired six models of ships representing classes of 
standard cargo and passenger vessels procured by the Commission 
during the war. There also came a scale model of the Baldwin- 
Westinghou.se, geared, steam-turbine locomotive, first introduced in 
11M5. In the section of aeronautics two groups of models were re¬ 
ceived-—one a collection of 10 United States Navy types of the period 
following World War I, transferred by the Bureau of Aeronautics, 
and the other a collection of aircraft recognition models made by school 
children early in World War II, presented by tile United States Office 
of Education. 

The Office of the Quartermaster General, Army Service Forces, and 
the Bureau of Supplies and Accounts, Navy Department, transferred 
141 specimens of the various fabrics used by the services in World 
War II, made according to standard Government specifications. 
Various mEmufacturers continued to supply examples of new fabrica 
to keep the textile exhibits up to date. Two early commercial sewing 
machines were received, dating from 1858 and 1874. A number of 
additions were made to the collections of early homecraft textiles, 
including coverlets, carpeting, and needlework. 

Specimens added to the collections representing the chemical and 
agricultural industries Included examples of the applications of the 
newer plastics, and an 1835 Babcock milk tester. The most valuable 
accession in the division of medicine and public health was a specially 
designed exhibit illustrating the contributions of the miner^ king¬ 
dom to materia medico. In the section of woods and wood technology 
an outstanding gift was a series of 100 British Honduras woods, from 
the Honduran conservator of forests, Other desirable wood specimens 
came from the Philippine Islands and Peril. 
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Charles W. Dahlgrecn, artist * presented IS additional copper plates 
of his etcliings and drypoints, making D4 in all, which are being used 
for printing the Smithsonian edition of his work (described in last 
year's report). Mr. Dahlgreen also gave 12G drypoints and etchings 
and 1 block print in color, further representative of his life wort 
in the field of printmaking. Another interesting gift in graphic arts 
was Walter Tittle’s “Arms Conference Memorial Folio" containing 
25 autographed drypoint portraits of statesmen who attended the 
Conference on Lj imitation of Armaments, 19S1-22. Hi^oricallj 
valuable photographic equipment received included the machines used 
in Germany as early as ISW by Dr. Arthur Korn in transmitting 
photographs by electrtcity; a radar camera of World War II; and 
a motion-picture camera and projector dating from about 1885, which 

came as a lioan. + i ■ 

Hist&Ty.^Ahont twice as manj specimens were received m the divi* 
Sion of history this year as last year. Accessio^ to the costumes col¬ 
lection were noteworthy. The dresses that since 1915 have repre¬ 
sented the administration of President Benjamin Harrison in the 
collection of dresses of mistresses of the White House, were pre¬ 
sented to the Museum. Mrs. Calvin Coolidge presented a fan, neck¬ 
lace. and handkerchief to go in tlie case containing the dress of Mrs. 
Coolidge presented by her in 1930. The general collection of Ameri¬ 
can period costumes was enriched by the addition of four dresses 
dating, resixsctively, from 1314, 1055, 1861, and 1894 each in^an 
escclknt state of preservation and each a fine esample of the period 

it represents. , * 

The military collection was increased by tlie gift of a Japanese 
parachute found in New Guinea. A collection of United States Army 
insignia and a series of toi>ogi aphic maps, all of World War II, were 
received from the War Department. To the naval collection wore 
added 37 models of United States, French, and British warships 
of World War II, and more than 700 pieces of naval insignia, from 
the Niivy Dep[irtinent+ 

Tlie numismatic collection was increased by about 100 coma and 
medals and the philatelic collection by 1,700 postage stamps. 

EXPLOBATIONS ako field work 

Althougli field esplorations during the year were not extensive, 
they represented a return toward the i-eguJar schedule of such activi¬ 
ties in times of peace. _ 

Dr. E. A. Chapin, curator of insects, m connection with the State 

Department's program for the promotion of cultural relations with 




28 ANNUAL REPORT SMITHSONIAN INSTITUTION, 1&16 

scientists in otlicr American countries, left on April S5 for Colombia, 
During Mny he was at tlic Instituto de Ciencias Xaturales of the 
National University in Bogota, where he was occupied in consulta¬ 
tions with govei'iDueiit entomologists in connection with cooperative 
investigations, particularly on certain groups of Coleoptera of eco¬ 
nomic importance. There was opportunity at the same time for field 
studies in a variety of climatic zones ranging from Villavicencio in 
the tropical lowlands at tlie eastern base of the Andes to the high 
mountain passes above Bogota. In June, Dr. Chapin continued to 
Medellin, where he was occupied for several days with Pix)f. F, Luis 
Gallego in esaminiug insect collections at tlie Fucultad de Agro- 
nomia. Tliis was followed by similar work in Cali and Palmyrii with 
BelUario Losada, and at Popayan in the Unh'ersidad del Cauca. He 
returned to Washington on June 30. 

Dr. Bobert li. Miller, associate curator, division of fishes, was 
assigned to a survey of the fish and game resources of Guatemala, a 
coopeiative project of the Fish and Wildlife Service of the Depart¬ 
ment of the Interior and tlie Guatemalan Government, witli the par¬ 
ticipation of the Smithsonian Institution. Investigations began in 
^larch and continued until the end of May, Dr. Miller being occupied 
mainly with studies of the h'esb-water fishes of the plateau area. 
Collections were made principaDy above 3,000 feet, covering many 
lakes end streams. In addition tliere was opportunity for briefer 
studies along the middle Motagua Biver and in Lake Ysobal. The 
work in the main was in the nature of reconnaissance with expecta¬ 
tion of continumg in greater detail another season. Tlie present col¬ 
lections, now under study, are yielding much data of interesL 

In connection with the atom-homb tests at Bikini, Dr. Leonard P. 
Schultz, curator of fishes, and Dr. J. P. E. Morrison, assistant curator, 
division of moUusks, left in February to begin a detailed surrey of Gie 
fauna of the atoll. It was expect^ that a careful check would be 
made of conditions following the bomb explosions. The studies of 
Dr. Schultz are concemed with fishes in the lagoon and along the 
reefs to obtain data on the kinds present and on their relative 
abundance. Dr, Morrison is occupied with moUusks and other marine 
invertebrate on the reefs, and also with detailed collections of the 
land animals present, including the birds. There has been oppor- 
tmiity also for comparative studies at several other atolls in the Mar- 
sliall Islands. The extensive series of specimens already obtained 
will serve as an index to the forms found, and will be especially im¬ 
portant also as the first collections in the Museum fiom this urea. 
This work was still under way at the close of the year and will be 
reported in more detail next year. 
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At tho beginning of March, Dr. Alexander Wetmore, Secretary of 
the Smitlisonian Institution, accompanied by "VV. it. Perrygo, scien¬ 
tific aid, went to Panami where they were occupied briefly in chedc- 
ing on the fauna on San Josd Island in the Pei-laa group, where the 
Smithsonian made extended studies in Following this tliey 

examined tho Canal Zone Biolo^cal Area on Barro Colorado Island in 
Gutun Lake, an agency for which Dr. Wetmore serves as exeentive 
officer. They proceeded on March U, threugh the assistance of Maj, 
Gen. H. R. Harnmn, Commanding General of the Sixth Air Force, by 
plane to tlie auxiliary airfield at JtHjuo in eivstern Darien. Here tiiey 
remained until April 16 making detailed collections and studies of tlie 
bird life of tJie coastal area. Ruiges of broken hills and the lowlands 
along tlie Jtio iToquI iprerc a fertile fields so that the G40 specimens oIh 
tained during SO days of field work include representatives of 170 
species. These supplement excellendy earlier collections under 
Smithsonian auspices in eastern Darien, The party returned to 
Washington on AVpril 21. 

M. A. Carriker, Jr., traveling under the W. L. Abbott fund of the 
Smithsonian Institution, this season covered the high paramos of tlie 
Sierra Nevada de Santa Martn, Colombia, entering tlm area in January 
through San Joso aud San Sebasti&n de Riibago. Traveling m part 
w-ith pack oxen, Mr. Carriker worked first at ChinclitcuA where there 
was s<3mG forest In addition to the open slopes* At the begiinung of 
February he <mmi)ed at Simfnclvucu& at a higher elevation where morn¬ 
ing temperatures were fnxiuently near freezing, with ico not unconi- 
inoii. The next camp called Mamoncanacn was at 10,500 feet m a 
region of glaciated valleys and old morainre. Four lakes at 
c^ively liighcr levels lay below the snow fields at 15,350 feet. Birds 
in the main were found below 12,000 feet. A further camp was Iwated 
early in March at 10,000 feet on the headwaters of the Rio Guatipuri, 
and in April still another, farther down the same river at the little 
Indian hamlet of Cbenducua. The expedition was highly successful, 
obtaining fine scries of the high-mountain birds, includmg many not 
previously represented in the Museum and several that arc new to 
science. Other collections made at lower elevations give representa¬ 
tion of the better-known Santa .Marta races that make a highly desir¬ 
able addition to our scries from northern Colcunbia. 

In the department of geology Dr. G. A. Cooiier, cursor of mve^- 
brate paleontology and palccbottmy, accompanied by Dr. J. Brakes 
Knmht, research associate. left on June 12 for Austin, Tex., and from 
there proceeded by auto to the Glass Jloimtains in west Tex^. At 
tliat point the party was joined by Dr, R. C. Moor^ of the University 
of Kansas. The three cooperated in coUeeting blocks of I ermian 



30 ANNUAL REPOm* SMITHSONIAN INSTirCTION, 

limeatone containinj^ fossils in varioite parts of the mountains. Dr. 
Preston E. Cloud joined tlie party on July 19 and served as leader for 
further work in the Central Hill country of Texas to collect Misaissip- 
pion, Devonian, and Pennsylvanian fossils. After a week in this 
region the party divided, Dr. Moore to return to Kansas and Dr. 
Cooper and Dr, Knight to join Mrs, J, H. Renfro and Millicent Renfro 
for four days of collecting in the incomparable Penn^tvanian fossil 
deposits of Jack County, Tex. Work in the field ended on August 5 
after obtaining more than 5 tons of blocks of silicified materiat to be 
cleaned by etching with acid, and about 5,000 specimens of invertc- 
hrnte fossils from central Texas. 

On October 1 Dr, Cooper, accompanied by associate curator Byron 
If, Cooper and T. Wang, a member of tlie Geological Survey of China 
working temporarily at the Rational hluseum, left for the southern 
Appalachians and the Cent ml Rasiu of Tennessee. Dr. C, 0. Dunbar 
and Percy Morris of Yale University joined the party at Woodstock, 
Va. After several days in southwestern Virginia they continued west 
to Murfreesboro, Tenn.,and then to east Tennessee for work near 
Knoxville. From this vantage point forays were made into various 
parts of the Ordovician belts of east Tennessee for collecting and 
study. On October 16 Wang and the two Coopers continued south to 
Pratts Ferry about S5 miles south of Birmingham, Ala., and from here 
Worked northeast along the Ordovician belts through northeastern 
Georgia and on into eastern Tennessee and Virginia. The party 
returned to Washington on November 14. This trip proved most 
profitable in checking on Ordovician stratigraphy. About 5,000 speci¬ 
mens, including considerable new material, were collected. 

On Febriiaty 7,1946, Dr, Cooper again left Washington for Austin, 
Tex., where he joined Dr. Preston E. Cloud, of the Geological Survey, 
for further studies and collecting in the central hill country. The 
two visited many localities in the neighborhood of Burnett, San Saba, 
Mason, and Brady. Many fine Mississippian fossils were collected 
and Pennsylvanian fossils were also obtained in several places. Dr, 
Cooper returned to Washington on February 24 with some 5,000 speci¬ 
mens that form a fine representation of tJieae beds. 

The Museum^s part of tlie three geological expeditions described 
above was financed from the Income of the VTalcott fund. 

Dr. G. L. Gazin, curator of vertebrate paleontology, with Fiaiiklin 
Pearce, scientific aid, as assistant, left Wadiington on May 23, m a 
truck available through the cooiieration of the United States Army, 
cm an expedition into the western States, to obtain additional fossil 
mammal remains from Paleocene deposits and make further collec¬ 
tions of fo^il lizards from the Cretaceous in central Utah, as well as 
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to continue collecting in the Middle Eocene Bridger beds of south- 
western Wyoming. These formations bsTe been untouched by ooUect* 
ing parties during the war years and it is expected that weatiiering 
will have exposed many additional fossils. The expedition will con¬ 
tinue into the next fiscal year, when several fossil localities in the 
Wind River Basin repotted by geological parties of the United States 
Geological Survey will bo investigated. The cooperation of the Army 
in the loan of the truck is much appreciated since it proved to be a 
large factor in making the expedition possible. This expedition is 
another project under the Walcott fund of the Smithsonian Institution. 

Br. W. F. Foshagi curator of mineralogy, spent tlie fii'st quarter 
of the year in Mexico concluding field work there, and returned to 
Washington on October8. This w'ork on the mineral r^urces of Utat 
country and on Paricutm Volcano was a joint project of the ffational 
Museum and Uro United States Geological Sur^'cy in collaboration 
with the Committee for the Study of Mineral Bcsourcca of Mexico. 
Field studies were completed on the fluorspar deposits of the Tasco 
District, State of Guerrero, the mercury-copper deposits of Las Fra- 
guas, and the copper deposits of Oiopeo, State of itichoacAn, with 
the assistance of Mexican geologists of tlie committee. Fidd work 
in geochemical studies at Parkutin Volcano was continuetl. 

On 1 ‘equest from General MucArthur, Dr. Foshug and E. P. Hen- 
derson, associate curator in mineralogy, on May 25 went to Tokyo 
to undertake classification of gem stones under the Armyjurisdiction. 

MISCELLANEOUS 

yisiiorg ,—An increase of 384,877 visitors to the Museum buildings 
was recorded over the previous year, the totals being 2,115,SDS for 
1040 and 1,730,710 for 1045. June 1040 was the month of largest 
attendance with 240,012 visitors; August 1045 tlic second largest with 
210,801. Records for the four buildings show the following number 
of visitors: Smidisonian Building, 430,760; Arts and Industries Build¬ 
ing, 852,080; Natural Histoiy Building, 006,310; Aircraft Building, 
226,443, 

PtUfiications ajid pnntinff .—^The sum of $43,000 was allotted the 
National Museum for its publication and printing requirements for 
the year 1045-^, the same amount as for tlie previous year. Of this, 
$34,000 was used for printing Bulletins, Proceedings, and Annual Re¬ 
ports; the rest for binding and for the salary of the Museum printer. 
Thirteen publications were issued—two Annual Reports, six Bulletins, 
and five Proceedings papers. A list of tliese is given in the report on 
publications, appendix 10. 
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The distribution of volumes and separates to libraries and obhor 
institutions and to individuals aggregated 32,3S7 copies. 

Special exhibits.~E\cvtxi special esbibits were held during the year 
in the foyer and adjacent space of the Natural History Buildini^, 
under the auspices of vorious educational, scientiiic, recreational, and 
Government groups. In addition, the department of engineering and 
industries arranged 24 special displays—12 in gi-aphic arts and 13 in 
photography. 

CHANOES IK ORGAXlZATIOir ATfO STA27 

The end of the war, and the ensuing order of the President directing 
the Civil Service Commission to resume operations under the civil- 
service rules, resulted in a considerable number of persO'imel changes, 
especially during the transitional period from war-service to proba¬ 
tion al appointments. During the year several rcempiojed annuitants, 
who, with long experience and special qualifications, had remained 
in active service because of the wartime manpower situation, were 
retired. 

In the department of anthropology, John C. Ewers was appointed 
associate curator in the division of etlmolc^ on June 3, 194fi, Dr, 
Marshall T, Newman resumed his duties of associate curator m the 
division of phy.sicol anthropology on January T, 1046, after his release 
from active military service. 

Dr. William E. Maxon, curator, division of plants, retired on May 
31, 1946, and was succeeded by Ellsworth P. Killip, On April 30, 
1946, Dr. Paul Bartscli, curator, division of mollnsks, retired. Other 
changes in the department of biology were the reappointment, after 
a wartime furlough to private industry, of Dr. Eichard E. Black- 
welder, associate curator, division of insects, on November 13, 1945. 
The department lost by resignation the services of Mrs. ?^Iarie P. Pish, 
scientific aid in the division of fishes, and Mrs. Mildred S. Wilson, 
assistant curator, division of marine invertebrates, on May 15, 1946, 
and June 14, 1946, respectively. 

Tlie vacancy in the division of vertebrate paleontology caused by 
the deatli of Oiarles W. Gilmore, curator, was filled by the appoint¬ 
ment of Dr, Charles L. Gazin on January 21, 1946, and Arlton C. 
Murray was advanced to scientific aid on March 11, 1946. An ad¬ 
dition to the staff of the division of invertebrate paleontology and 
paleobotany os associate curator was Dr. Alfred K. Loebiich, Jr, on 
May 31,1946. 

Having bwu released from active military service, Frank A Taylor, 
curator, division of engineering, returned to his duties in the Museum 
on March 4,1946. The department of engineering and industries, at 
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the dose of the fiscal year, lost thr^ employees by retirement, as fol¬ 
lows: Dr. Frederick L. Lewton^ curator, and Mrs- Elizabeth Eos- 
son, assistant curator, division of crafts and industries; and Dr. 
Arthur J. Olmsted j a^ociate curator, section of photography. 

Four honorary appointments were made during the year: Dr. Paul 
X^artsch, division of mollusks; Dr. William R. llaxon, asso¬ 

ciate in botany; Mrs. Mildred S+ Wilson, collaborator in eopepod 
Crustacea; and Dr, J. Brookes Knight, research associate in 
paleontology. 

Under the superintendent of buildings and labor, Walcutt C. Hamer 
was promoted to assistant mechanical superintendent (foreman of 
cabinet shop), the position made vacant by the transfer of Rnfe A. 
Watkins to the Army Map Service, and James I- Simpson was assigned 
the duties of the assistant foreman of cabinet shop effective July 16, 
1&46. Following retirement for disability on Febimary 20, 1046, 
of William H. Chism, James C. Clfirke was promoted to principal 
guard (lieutenant), and Edward Zuranski was assigned as principal 
guard (sergeant) on March 10, 1046^ Other additions to tlie guard 
pflicer group were the promotions of Bascom GoiJon to principal 
guard (lieutenant) and William H. Baird and Arnold F. Short- 
ridge to principal guards (sergeants) on June 30, 1046- 

During the year the following Museum employees returned to thair 
positions after having completed military duty; Edward Zuranski, 
September 0, 1046; John L. Theunissen and George T. Worthington, 
October 7, l£>45; Charles E. Stousland, November 5, 1045; Joseph 
Singleton, December 3, 1M5; Dr. Charles I*. Gaain, December 2T, 
1945; Clyde E. Bauman, Jonuary 2, 1946; Samuel X Fetterman, 
January 194G; Dr. Marshall T. Newman, January 7, 1046; Walter 
MeCree, January 30, 1946; Joseph R. Burke, Jr., February 20, 1046; 
Frank A. Taylor, March 4, 1946; Oliver N* Armstead^ March 6,1946; 
Robert L. Bradshaw and John Carl Carter, April 1,1946. 

Sixteen persons were retired during the year, under the Civil Serv^ 
ice Retirement Act: Through age, Dr. Paul Bartsch, curator, division 
of mollusks, on April 80,1946, after 60 years of service; Dr. Frederick 
Jm Lewton, curator, division of crafts and industries, on June 30, 
1940, after 34 3 '^ears 4 months of service; and Dr. Arthur J. Olmsted, 
associate curator, division of graphic arts, on June 30,1946, after 26 
years 1 month of service. By optional retirement, Dr. William R. 
Maxon^ curator^ division of plants, on May 31, 1946, after 46 years 5 
months of service; Mrs, Elizabeth W. Bosson, assistant curator, divi^ 
sion of crafts and industries, on June 30,1946, after years 3 months 
of service; Edgar J- Harrison, mechaaic (painter), on August 31, 
1945, after 13 years 5 months of service; Augustus G. Lindsay, guard, 
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on March 81, 1946, after SO years 6 months of service; Bevorly J. 
Moore, guard, on June 30, 1946, after Z years 9 months of service; 
Henry Hicks, laborer, on ^ptember 30,1945, after 23 years 4 months 
of service, and Mrs. ilary W. Paige, charwoman, on May 31, 1946, 
after 12 years 3 months of service. Through disability, William H. 
Chism, lieutenant of guard, on February 20,1946, after 13 years 10 
months of service; Nicola DlGennaro, guard, on July 14, 1945, after 
20 years 10 months of service; Leo F, Lennarts, guard, on February 
26,1946, after 5 years 4 months of service; John W, Lockhart, guard 
on October 15, 1945, after 11 years 3 months of service; Brov O. Olson, 
guard, on May 31,1946, after 18 years 1 month of service; and Mrs. 
Nellie Butler, laborer, on November 30,1945, after 26 years 11 months 
of service. 

Through death the Museum lost six employees from its active roll 
during tile year: Charles W. Qilmore, curator of vertebrate paleon¬ 
tology, on ^ptember 27, liU6, after 41 years 10 montlis of service; 
Thomas J. Horne, preparator, on December 26, 1945, after 34 years 
9 months of service; George Boylon, medianic (electrician’s helper) 
on November 28, 1946, after 3 years 9 months of service; Thomas C. 
Watts, laborer, on October 14,1945, after IS years 2 months of service; 
Roland S. Woodland, laborer, on October 1, 1945, after 11 years of 
service; and Fannie H. Nedd, loborer, on January 29, 1946, after 12 
years of service. 

Respectfully submitted. 


Tire Secketart, 

SmiiA^Qjiian Inatititiicn, 


Alii AND PR Wetmore, Director. 



APPENTUX 2 

REPORT ON THE NATIONAL G^UXERY OF ART 


Si»: I Uftve the honor to Bubmit, on behalf of tha Board of Trwst«e§ 
of the National Gallery of Art, the ninth annual report of the Board, 
covering its opei'ations for tJie fiscal year ended Juno 30,1946. This 
report is made pursuant to the provisions of Section 5 (d) of Public 
Resolution No. 14, Seventy-fifth Congress, First Session, approved 
March 24,1937 (53 StaL 51). 


OaOAN'lZATlON AND STAFr 


During the fiscal year ended June 30, 1946, the Board consisted of 
the Chief Justice of the United States, the Secretary of State, the 
Secretary of the Treasury, the Secretary of the Smithsonian Institu¬ 
tion, cx ofiicio, and five general trustees, Samuel H. Kress, Ferdinand 
Lammot Belin, Duncan Phillips, Chester Dale, and Paul Mellon. 

At its annual meeting held on February 11,194C, the Board reelected 
Samuel H. Kress as President, and Ferdinand Lammot Belin as Vice 
President, to serve for the ensuing year. The executive officers con¬ 
tinuing in office during tlia year were: 

HuDtiDsten Calrnfl, Secretorv-TteftisQrer. 

David E. Elnler, DlreciCf, 

narr; A. McBride, AdmlDistiator. 

Ba&Ungton Cnlras, OenGral CoumcI. 

John Wttllccr, Chief Curadir. 

MacgUl Janes. Assistant ntrector. 


Donald D, Shepard continued to serve during the year as Adviser to 

the Board. t 

During the year Margaret D. Garrett resigned as Chief of the Inter- 


American Office. 

The three standing committees of the Board, provided for m the 
bylaws, as constituted at the annual meeting of the Board, held 

PebnsaiTf 11,194^5, were: 


Exfxuntm Cow-iiiTifEt 


ChJel of tbe Uiillcd States, ei officio. Wi&X M. Vinson, OialniiaD. 

Samuel H. Kress, Vice Gbalrmaji- 
F^rdLoABd lAbimot BelEn. 

Secretary of the SmlUisoiilnii InsUtatHm, Dr. AleaniiiJer Wetmora. 
Paul MeiUoD. 


3S 
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EINAHITE COM341TX1E 

Secretary of tbe Treu&tirj, ei offlclOp Jolm W. Soyder, CTbalrma. 

Samuel H. Vies Chaimtaa. 

FerilInnnEl Laemiot Bellu, 

Paul Mellon, 

Cheater l>aie. 

AcqtnerrioNQ CoMiaTnx 

Santuol Hr Krejss, Cbnlrraan. 

Ferdinand l^jnmot I^elLOp Vice ChHlrman. 

Dancan PhlLUtiaL 
Chester Dale, 

Dayid E. F3ntey+ ci el^clo. 

The permanent Go^'emmfiflt positions on the Gallery staff are filled 
from registers of the United States Civil Service Commission, or with 
its approval. On June 30,1940, the permanent Government staff of 
the Gallery numbered 298 employees, as compared with 24S employees 
on June 30,1945; the inerense of 53 employees is due chiefly to Public 
Law 106 (Federal Employees Pay Act of 1945) which placed Govem- 
ment operations on a 40-liour week. 

During the past year 21 veterans returned to duty on the Gallery 
staff, having obtained discharges from the armed forces. 

Throughout the year a high standard of operation and maintenance 
of the Gallery building and grounds end protection of the Gallery’s 
collections of works of art has been sustained. 

AFFROPHIATIOKS 

For salaries and expenses for the upkeep and operation of the 
National Gallery of Art, the protection and care of works of art 
acquired by the Board of Trustees, and all admimstrative ex|>ense8 
incident thereto pursuant to the provisions of Section 4 (a) of Public 
Besolution No. 14, Seventy-fifth Congress, First Sesion, approved 
March 24,1937 (50 Stat. 61), the Congress appropriated for the fiscal 
year ended June 30,1940, the sum of $783,707. This amount includes 
the regular appropriation of $583^07, and two supplement^ appropri^ 
ations, one in the sum of $184,500 required to meet increased pay costs 
authorized by Public Law 106 (Federal Employees Pay Act of 1945), 
and the oilier in the sum of $16,000, required to cover the costs of 
within-grade promotions, reallocation of positions, returning vet¬ 
erans, and terminal leave. 
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From theso &ppropriEitioDs the foilo’W'ing expeniiltares aod encum¬ 


brances were incurred: 

Personal Eervlcfs.._ ___ —-8661,1ST. 45 

Printing Rhd blniUDf!- ---- -- 4.350,79 

Supplies, equipment, etc - -* --- llT, S155, TT 

Uaencumbeie*! balaace-. _ 325,99 


Total.. __ _ __ 783,707.00 


In addition to the above'mentioued appropriations, the Gallery re¬ 
ceived the sum of $55,000 from the Departntent of State to cover 
expenses during the fiscal year of the Litcr-Ainiricati OITlcb of the 
Gallery for the promotion of art activities between tlie United States 
and the Latin American republics. 

Tlie Gallery also reoeived from tlie War Department an allotment 
of $S4,000 to be used for the pitservation nnd care of works of act 
owned by foreign governments which have been placed in temporary 
custody of tim Xational Gallery of Art. 

ATTEST A SCE 

During the fisc.al year 1946,1,947,668 visitors came to the Gallery 
building, ati average daily attendance of 5,365 people, ns compared with 
5,Til during 1945, thus showing an annual attendance slightly less 
than in the previous year. The greatest number of visitors in any one 
day since the opening of the Galiery was 27,8S3 on Simday, October 
SI, 1945. 

TTie Sunday evening openings, featuring free concerts in the Gol- 
ler)'’s Fast Garden Court, have continued to be exceedingly popular 
throughout the year. 

On May 15, 1&46, the Servicemen’s Boom (Founder’s Boom), was 
changed so that it might be used by the general public as a lounge, and 
it is now in constant use by visitors to the Gallery for writing, reading, 
and relaxation. 

The lifting of travel restrictions since the end of the war has brought 
a sudden influx of groups of elementary and high school children to 
view the collections of the Gallery; and during March, April, May, 
and June of this year 181 groups of young students from the eastern, 
southern, and midwestern States attended special tours through tlie 
Gallery, 

PUBlitCATIONa 

The fiscal year which ended June 30, 1946, saw a considerable ex¬ 
pansion in the publishing program of the Xational Gallery of Art. 
The second edition of “Masterpieces of Painting from tiie Xational 
Gallery of Art,” by Huntington Cairns and John Walker, was placed 
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on sale on Kovtsmbor 1, 19^:5, and,, despite a rise in price made neoes- 
sary by increased production costs, lias continued to sell so well that 
a third edition is now being printed and a fourth is under discussion, 

A catalog entitled “Paintings and Sculpture from the Kress Col¬ 
lection,’' comprising 200 lialftone reproductions, was issued in Febru¬ 
ary 1940, in connection with the opening of the new galleries con¬ 
taining recent additions to the Kress Collection. Tlio National Gal¬ 
lery of Art, tlie Harvard College Library, and Pantheon Booke col¬ 
laborated in the publication of “Drawings from Ariosto by Frago¬ 
nard,” by Elizabeth Mongan of the Gallery staff, niilip Hofer, and 
Jean Sezncc—a distinguished example both of scholarship and print¬ 
ing. Huntington Cairns, Secretary of the National Gallery of Art, 
edited a collection of George Saintsbury's essays in a volume entitled 
“French Literature and Its Masters,” published by Alfred A. Knopf 
in connection with the centenary of Saintsbury’s birth. 

Articles were published by Huntington Cairns on Sociology and the 
Social Sciences, in the volume “Twentieth Century Sociology”; The Ju¬ 
ristic Bases for International Law, in Iowa Law Review, May 1046; 
A Logician of Science, in Tlie Sewanee Review, January liH6; Proust 
and Painting, in The Art Bulletin, March 1946; Methodology of the 
Social Sciences, in the University of Chicago Law Review, December 
1945; by John Walker on the protection and salvage of art, in the Na¬ 
tional Geographic Magazine, January 1940; by Fom Rusk Shapley on 
two. paintings in the Gallery's collection in Gazette des Beam-Arts, 
July 1945, and the Art Quarterly, winter 1945. 

Mr. CaiiTis also contributed an article^ Philosophy as Jurisprudence, 
to “Essays in Honor of Roscoe Pound,” to be published by Oiford Uni¬ 
versity Press in the fall of 1946. Charles Seymour, Jr., submitted an 
article to the Henri Focillon memorial issue of the Gazette des Beaus- 
Arts to be published in December 1946. A comprehensive article on 
the Gallery, its collections, installations, and history was prepared by 
Joseph Blake Eggen for early publication in Mouseion. 

Volumes by members of the Gallery staff in pr^sa bv the end of the 
year included “The Limits of Art,” by Mr, Cairns, aii eirtensivo com¬ 
pilation of selections of poetry and prose that have been held to be the 
greatest of their kind in critical literature from Aristotle to the pres¬ 
ent; Chevalier Dclibere,” with an introduction by Elizabeth Mon¬ 
gan; 'Three Centuries of jVmerican Painting,” bv James Lime; and 
the Brrt of a new series of handbooks, with special reference to the 
collections of the National Gollery of Art, entitled “The Search for 
Line,” by Lois Bingham, of the educational staff. 

Work in preparation for early publication progressed on a book 
being compiled by Erwin Christeusen which will give, under the title 
“Made in America,” an over all picture of the Index of American De- 
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sign. Also m preparation for publication lirere Mr. Walker's mono¬ 
graph on Giovanni Betlini'a “Feast of ths Gods,” in collaboration with 
Edgar Wind, and a companion volume to “Masterpieices of Painting'' 
on the Galleij's sculpture compiled by Mr. Seymour. Also brought to 
completiou in preparation for publication in the near future was tbs 
first of a series of small handbooks on the Widener Collection of deco¬ 
rative arts by Mr, Christensen. Smaller picture books of the Mellon 
atid Widener Collections of paintings and sculpture were also in prepa¬ 
ration for publication. For pi'ogress on the Gallery catalog, see under 
Cuiatorial Department. 

Since the Gallery was opened to the public in 1941, well over 
2,000,000 i^mstcards of works of art in the Gallery's coUectionsi, and 
more than 400,000 of the Gallery's 11-inch by 14-inch color reproduc¬ 
tions have been sold. 

The policy of furnisiting moderately priced catalogs, color repro- 
ductiotis of fine quality, and otltor publications, has been continued. 
Another new edition of t!te General Information booklet, which is 
made available to visitors wiUiout charge, was issued during die year. 
Publishers of large collotype reproductions of paintings in the Na¬ 
tional Gallery of Art have added 15 new titles to tlieir lists during 
the fiscal year 1946, making a total of 3S of these large reproductions 
now available. 

CONSrSTJCTIOX OF KEW Q.tLLEBIES 

The contract for the construction of sis new gallery rooms, men¬ 
tioned in the 1945 annual report, was oomploted during the fiscal year 
1046. This construction was carried forward in keeping with tlio reo* 
onunendations of the Committee on the Building and a resolution of 
the Board of Trustees. Three of tlio rooms are in the east wing of the 
building and three are in the west wing. These galleries are finished 
and decorated in a manner similar to the gaUeiy rooms adjacent to 
them, with the eieeption of the specially designed room for the es- 
hibition of the Luini panels in the Kress Collection. The work was 
completed and the galleries were opened to the public on February 
S, 1946, for the special opening eihibition of additions to the Kress 
Collection. 

tNETALLATIOW OF 2U>DtTlOXAIi JIK-CONDITIONINa EQUTF^S^fT 

The gradual opening of ad<Utional spaces in the Gallery building 
and the construction of the six new galleries have made it necessary to 
augment the air-conditioning equipment in the building by an addi¬ 
tional compressor machine. In keeping with recommendations of the 
Committee on the Building and a resolution of the Board of Trustees, 
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and with funds donated for the purpose, the Gallery hns entered into 
a contract for the manufacture and installutson of this equipment. It 
is expected tiiat the contract will be completed during tlve present fiscal 
year. This fourth compressor mnchine now being installed will air- 
condition all the remaining unfinished spaces in the Gallery huilding. 

CUSTODY OF PAINTEKGS FROM GERMANY 

On December 14, 1&45, the late Honorable Harkn Fiske Stone, 
Chief Justice of the United States and Chairman of the Board of 
Trustees of the National Gallery of Art, announoetl that at the request 
of the Secretary of State, the Trustees of the National Gallery of Art 
had agreed to accept c^ustody of tlie iJ02 paintings from German mu¬ 
seums which were to be brought to this country for safelieeping until 
conditions in Germany insuring their proper care were reestablished. 
These paintings arrived at the Gallery on December 7, 1945, having 
been transported to this country with great care by the United States 
Army j and they are now stored under tlie custody of the Trustees in 
the Gallery’s air-conditioned storage rooms until they can be returned 
to Germany. The following is a list of the paintings which arc now 
stored at the Gallery: 

Srf(i( nils 

Altdorfer, AlbrecM -- - DpxiJirlnreof tbe Apostlis. 

Altdorfer, Alhr^eht_ ____ Tbe Nativity. 

AUdorfi^r, _ iJinHscsip^ With a SiitjT FoiufLy. 

Altdorfer, -Rent on ihe Plight Into E^t. 

Amberferp Christopb____^ --—_ llie CoamogntjiherH ^^ba^ian MuosEer. 

Amlgoul, Jacopo__— .. ..ForErait of a Lady aa DLanct 

Ang^Hco, Fro——-- — Triptych: The Laat Jndf^inctit. 

ActtoDcMo da PortmIt of a Yoim^ SiEiri. 

AiiattiaQ 11410 -- - - —The CnKided ChrJist Mourtit'd by Mary 

and John. 

Anatrian a 1-123-- — , The Chriat Mournod by Mary and 

John, 

Baldimi?. Hfiiia (GrtenJ -- Count Ton Lowenstoin. 

BflltlnnK, Hans (Qrlenand Tbiabe. 

Boidnnf, Bans i(CTlen!l - -- MniirnEn^ fh'^r the Body of Ctrlat, 

Baldun£, Hans <Grlen) - ^uUit G^nepo. ^Int Catherine, 

B^ldung, Hans (Grieti) ---- The Adoration of tho 

Baldnng, Hans fQrIen)_^ - ______ .Saint Agnes, Sjlnt Mflurltlns. 

Bellini, GLoTonnL^^- - —Thi^ ResncTectioa of Ehrish 

Bohcidlan e. -- Madonna and Child With Donor, 

Boftch, Hieronymus- -- -- - Saint John on Mount Patmos;, 

Reverse: Passion of Chriat, 

BottleelU, Alessandro—_—— Mndaniia and Child With Singing AngelaL 

Botticellh Ales^andro^— -- --Slmonetta YospoceL 

Botticelli, Alessandro-^^ _ _Gluliano de* HedicL 

Bottleellh Alea^iandro_ __ Saint SehaaGam 

BoEtlceUh Alessandro^. __ _ Yenu^r, 
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AriUi 

Bouts, Dirk—----- 

Bouta, Dirk (V - 

Bromvluor An|^lo-.——, - - 

BronxLDO, - 

Angelo- - 

Bru€?ffbel, PSeteTp tbe Etdei- -—-- 

Bniegb&l, PSeter, the Elder^— 

Burgkmnlrp Haui?- ---- -- 

CarneclelOp Oio^aunl BattlstiL -- 

ilSehelaiiKoly da CuravnggSo-- 

Carpaccio, VSttore_—- -— 

CastagnOn Andrea del- - 

CburdiA, Jean-BapEiste-SSnieuP —- 

CbnrdLn. Jea Ei-BflptSste-StEiefiii 
Cbd^itua> Petrus^. --—— 


Tttt€ 

Madonna Id Adoration* 

HndoniiA nod CtilJd 
Fortralt of n YoatlL 
Ogollno Martein. 

Portrait of a Young Mttn, 

FlemlBh Folk Saplnga. 

Pair of Fettered Apes- 
The Holj^ Family. 

Two PhysEcians in the Sole of Saint Cob- 
mna Atid Solnt DamlaEu 
Conquering Love. 

Burial of Christ 
The A^tielott of Mary. 

The Draf tsinnn. 

Still Life With Pheaennt 
Salut Bnrtmra Presents a Carthtjaian 
Monk to the Afadouna. 


Chrlstiis, PetmS-,- 

Joos ran Clero, the EEdt*r - 

Cologne e. 14CX>- --- 

Cologne c. 1350 - -- -- 

Ckjrreggio (Antonio AJlcgrl).— 

Cossn, FfJMicesco del—— - 

Cranaehp Lucas, the Elder - 

Cranach, LneaSr Klder^_,_„ 
Cranach, LncaSt the Eidor__— ^ 

Lorenso dl Credl - 

Master of the Darnaatadt 

PasBlon Middle Eheuish^-^ — 
Spinster of the Darmstadt 

Passion Middle Rhenish - 

blaster of the Danostadt 

pfis$Kon cuddle Ehentsh - 

Master of the Darmatodt 

Pa^lon Middle Rhenish- 

Domenico Venealano-^--^—. —— 

DomeDleo Vencilono - 

DomeuLco YenexEano {IJ— 

Dtirer^ Albrechts- ---- 

Dnrer, Albrecht ---- 

Darerp Albrecht --- 

Durer, Albrecht- --- 

El>{heljucrp Adam- — — -- 

EiLahelmer, Adam-—— --■ 

ElaheLniert Adam (?)-- 

Elahelmerp Adam (?)—^——- 
Eyck, Jan ton___«_r— —^—-— 

Eyck, Jan van— --- 

Eyckt Jan vao- —, —- 

Elyckp Jan van^ -— 


__ Lody Talbot 

Xoufig SLnn With a Clove, 

The Life of Christ. 

_ Dlptj-ch: Madonna and Child Ihitlironed, 

Cruelllilon. 

__ Leda and the Swan. 

_ AlIcBory of the Harveah 

__ Lucretla. 

_ _ Rest on the Flight Into Egypt. 

__ Frou ReussL 

Portrait of a Young lady. 

The Madonua Enthroned. 

___ Adoration of the Magi. 

_ The Holy Trinity. 

_. Story of the Cross- 

__. Mnrtyrdoiu of Saint Lucy. 

__ Atloratlon of the Magi. 

__Portrait of a Young Lady. 

_Hieronymus HoJxsehijhErr. 

__ Madonna In Prayer. 

_Madonna With the Siskin. 

PortmU of a Young Wmnaa 
Laudsenpe With Penitent MogdaleB* 

_ _ The Holy Ftimlly with Angela, 

_ Noah's Thank Offering. 

Saint Christopher, 

__ OiovanuL AruoIffuL 

_ Madounn and Chttd In a Church, 

_ Chrl&t Cmcifled, 

__ The Man With the Pint 
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Efck, Ian Tan-_ __ __ Baldwin DclaEinoirT KnJj^lit of tbe ^^Dldeii 

Fleece, 

Robert Campln, Mailer &f F1einaUe__. The Cmetfi^rEoiiH 

Bobert Caai^lnr Master of Metcalle_Portrait of a Man. 

Fouquot, - --—— Etienoe Chevallor ami Saint St^hen. 

Frcncli a 1400—^-, — ___ Coronatiesii of Mai^. 

Frencii c. 1400 _ _ _ _Diptych: Christ on the Cross, 

The Man of Sorrows. 

Geert^en Tot Sint jarid... _ John the Baptist [□ the Wlldemcsa. 

Geertgen Tot Sint Jnns^___ Madonna and Child. 

Gloi^glone--- - -- Portrait of a Tonng Man. 

Giotto dl Bondone.—____ _ _ DcnCi of Mary, 

Giovanni dl Paolo _ __ The CrueidxEon. 

Giovanni dl Paolo. __ ___ Admission of Saint Clara to a Cloister. 

Giovanni dl Faolo^.., _Saint Clara Aids the Shipwrecked. 

Gossaert Jan (Mabusa)_^^_„„______, Christ In the Garden of QethBcihane, 

Goesaert Jan (Mahnse) ___ _ _Baudonln do Bonrhan. 

Guardi, tVaoeesoo-..^^-_ Balloon Asi^alon on the GIndecca. 

Goardl, Franoaco_ __ _ The Piazzetta In Venice. 

Goardl, Francesco-^. ---- Plaza San Marco, Yenlcei 

Ha la, Frans.^ -- - ____„ Portmit of a Young Man. 

Hala Frans.- —^-- Portrait of a Youn^ Woman, 

Hala Frans __— _Singing Boy With a Flnta 

Hala Frans - ,— Tymnn Oosdorp, 

Hale, Frana- - - - The Witch of Hnarlcm, Malle Bobbe. 

Halfl, Prang- -- Tlie Child-Nurse and Her Charge, 

Hohbemn, Meindert -- A Boad Winding Amongst Clumps of 

Trees and Small Fflrma 

Holbein, Hans, the Younger _ _ Portrait of an Elderly Man, 

Holbein, Hana, the Yoiioger ___ George Glsae, 

Holbeinp Hans, the Younger..Hertnaon Hlllehrandt Wcdlgh, 

Hoochj Pieter de (71_____ The Bnglen 

Hooeht Pieter de _ _ _The Mother. 

Kalf, WlIlenL_ __ _Still Life, 

Kalf, Willem --- -- Still Ufe. 

Konlnck, PhlLlps^ ___ _ Panoreina of HellaniL 

lA Tour, Georges de__^^--^- - Saint Sebastian Mourned by Salat Trene 

and Her Ladles. 

Leyden, Lucas van-...— — _. Tlie Chess Players, 

Leyden. Lucas van- Madonna and Child with Angela. 

LIpph FJlIppIno^ - Allegory of MtlMc. 

Llpph Fra Fillppo.-^^ — The Madonnn Adoring the Christ ChlItt 

LoreoMUJp Pietro- -- - „ Saint Hamllltag Hcala a Sick Nnn. 

Lorenzetth Pietro__., - - - Donth of Saint Himillltas. 

Lorraln, Claude (GcUce>_. - - Italian Coasljil Landscape In Early Mom^ 

Ing Ltghh 

l45tto^ LorenM— - -- Jesus Takes Leave of His Mother, 

Malnardl. Sebastlnno- -- --_— Portrait of a Yoatig Man With a Red Csp- 

Maotegna, Andrea - —-- Cardinal I^hIovIco Meoarota. 

Mantegna, Andrea^- - - .. PresentaUan In the Temple, 

Marmion, 3lason...,_ — - Altar of Soint Omot Ufe of Saint Bertin. 
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JLrfCif 

MnrmloOf Blmon- — ---- 

M^rUnlt Elmoae ____ _ 

MasaccSo—^— - - — 

Masaccio -- ---- 

Masacclo^^^- -- 

Mas&xxUt ___ - 

Ha;SBCcj 0^^ __ __ — ^ ^ ^— 

Masfleclo_ —-- — 

Masaccio __—— - 

McniKni^ Hade- — . ■ --- 

M«mlln^. Ham - -- 

Memllnf, Hade. —--- 

^Icmml, Ltppo— -- — 

Mctaya;, Qucntlo- — -- — - — - 

Bioataartt Jdil---- -- 

Ouwater, Aelbcrt Tim__- -- 

Palma Yecddo^ - - - -- 

Palma Tecdilo.. .— - —— 

Pnbtnl^ Glarnniil PAolo.- - — 

Pariatr* JcMicliira_,_ - - —- - 

Piero 111 Cflfllmo^^ --- 

PollAluo^Of An loiilo—— -—- ~ — — 
PoosalD, NIcoIbe. —„ 

PoofisiOi Nicolas^ -— ^-— - 

BaphAel _ - --- 

RaphAel-^ _ _ — -- ---—^ 

Raptael—--- - - 

IUint>raiidt— ^. — -—-——— 

Rembrnadt— --— - — --- 

Eciubraodt __ — ^^- 

Beoibrniidt—- —-- —- - — 

Rembrandt-^,— -— —^ — - - -- - — 

Eembmndt- —^-- — — - 

Rembrandts- -——^-—^ ^ 

Rambrandt ———-^—- 

Rembrandts.- —^————— — 

Hembrandt - —^ - ——- 

Rembrandt - —- ——-—— 

Rembrandt-- _--- -- - — —- 

Renibrafkdt- _ —— -— - —— 


riffff 

ALtar of ^ut Omer Lite of Saint Bertlll. 
Tbe Burial of Cbrlat. 

Adomtlon Of tbe Magi. 

MartyrdDin of Salat Peter. 

Martjrdoni of Saint Joha^ BaptlEt. 

Saint Julian Slnys H l a ParentE. 

Salut Nleolaa Endows Hiree Mald^ns- 
Tbe EVmf BaEutE Predellm 
An Elderly Carmelite. 

Tbe Elour Balntn Predella. 

Saint AugiiEtlne. 

Tbe Four Saluta Predella, 

Saint Joreme. 

Tbe Four Salnta Predella, 

A Tonn^ CarmeHle. 

Febeltatlons at the BLrtb of a Florentine 
of Pntrldan FamQj. 

Madonna end Child. 

Madonna and CbEld. 

Madonna and Child, 

Madonna nnd Cblld. 

Tbe Mourning Magdalen. 

Portrait of a Bin el 
RcEnrrectlon of La^rtUl 
Portrait of a Man* 

A Young Womaii. 

DoniiuaiU View of tbe Enina of Rojdo, 
Rest on tbe Flight Into Egypt^ 

Veans^ Mars and Amor. 

David With the nead of <xDllBtl:i. 

Tho Roman Campagnn With Saint Mat¬ 
thew nnd tbe AngoL 
Jupiter Noiirtebed bj tbe Goat, Amaltbea 
Mh donna and Ctalld. 

Madonna and Cblld With the Little Satnt 
John. 

Mndonna and Child Witli the LettUe Salat 
John. 

DanEora Ylsion. 

Hendrlkje Stotfcla 
landscape Wlib a Bridge, 

The Man With the Golden Helmet. 

Mosica Breuhlng the TableU of the Law. 
Old Man With the led Cap. 

Mioerra. 

PodptLAr'a Wife Aemses Joseph, 

The Preaching of John the Baptist. 
PrcscTTilnft 
A Rabbi. 

Snshla, 

Self Portrait 
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Arfbt 

Hcmbrtindt_ _ ___ 

R^iikbrii udt-- -- 

BiTbenBn Peter PallL»— 

BLtbenEi Fetor PaoL_ 

RiibeMa, Petef Pawl -- 

E[ibonB; Peter Paul___ 

Bubeius. Peter Pflial_ _ 

HiiboQs^ Peter PbuL^_^^*_ 

Ruisdael^ Jaeob van_ _ 

Sacchlp Aadrea t?) -- 

SasseEta _____ _ 

Ba^Ua- 

SchDDgauer, Martlb- __ 

Plombo^ SebfLstiaaD del ( 7 } _ 

Fiumbe, SebafiiaDo deU.__ 

Scgber^ Herctiles _____ 

SIffQorelb, __ _ __ 

BtgQereLlip Luhl_ ___ 

Si^orclKp Lucn ____ 

S^aarcloae, Francoseo-^ __ 

Stoea, _ __ _ 

Steen, Jaii____^_ _ _ 

Stn>2^1, Bernardo_ 

Ter Boreh, Gerard__ __ 

Ter Borcb, Gerard ___ 

Tiepolo^ Giovanni Battista^___ 

Tiepolo, Gloratial Battlsia ___ 

Tiepolo, Giovanni B&ttlsla _ 

Ttatoretto^ _ 

Tintoretto, jaeopo__ __ 

TlGan^._^.___ _____ _ 

TlElan_ _ _ __ 

Titian - - - - - - 

Tldan. _ _ _ _ ___ 

Titian_ _ _ ” 

Tura, __ 

Tara, Cosluto^_ ___ 

VelaEjueE do SUvh, DEeEo__„__. 

TeTdo, Adriaen van de_ _ _ 

Vermeer, _ 

Vermeer, Jaa __ _ ___ 

VerroccliJn, Andrea deL-____ 

Venwchio, Andrea d^a _ 

Master of tJie Vir^ Inter Vlrglne^s. 
Watteau* AutoUie___ __ 


Tllle 

-Snsanna and the ll[dera- 

Tciblaa end the Aoj^ol. 

Acdrometls, 

-Isabella Bmndt 

Lfinds^pc With the Shlpfwreek of AeneaA 

- Zdadonna and Child Enthroned With 

BalntaL 

Perseus Froea Audromeda. 

-Salat CecllhL 

— Haarlem From the Dunes at OterreeiL 
Alessandro del Eorra* 

- Eiilsofle From the Legend of Saint Fran¬ 
cis. 

The Muss of Salat FrarLcis. 

- The Katfvltj, 

A Nobleman in the Costtnne of a Knight 
of Saint James. 

- Portrait of a Voong Lady of ROEDe. 

- View of RheaeiL 

Portrait of an Elderly 5Ian. 

— Saint Catherine of Siena, the Mnsdaieu, 

and Saint Jerome. 

— Solnrs AngtijTtIne, Anthony of Padtiu^ 
Cutherlae of Alexandria. 

Madonna and Child. 

Baptismal Party, 

The Garden of the iJlm 

— Jndith With the Head of Holofeme^ 

—The Concert 

I^ithorly Advice. 

— __ Martyrdom of Saint Agatha. 

—Rioaldo In Armlda^s Eachanted Garden. 
Via Cruela, 

- Dog* Mocculgo, 

Portrait of a Man With a Long \S“hlte 
Beard. 

— A Daughter of Boherto SEiozzl 
PorEfait of a Young Man. 

- Self Portrait, 

- Tltlau^s Daughter, La viola, 

___. Venus WTth the Organ Player. 

Saint Christopher, 

Sdlut BehasUan. 

CaoDte^ Oliva rea^ 

-The Farm, 

- The Pearl Nec&lace^ 

—- The Taste of Wine, 

. — Meidouna and Child. 

Madonna and Child, 

Adoration of the Magi 
. — The French ComedlanBL 
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AHUt TiiU 

Watt^n^ --T!i& Italian QomedEana. 

Watteau, Antoine _Outdoor EVaOvaL 

WeetpliaUaii c. 1250-12T0__Aliurplece: Tite Trinity Witt Mary and 

^aint Jahn. 

WeydetVr Hosier van der___Churlea tlw Bold* Duke of Burgtindj, 

Weydec^ Rogler tau der_ _ __ The NattFlty. 

Weyden* Hosier tbo der^.___Anguatus and the Tlburdna Sibyl, 

Weydeu, Rosier von der__„__ The llasE. 

Weyden^ Rosier van der__ The Solut John Altar, The Ufe of Saint 

Joba. 

Weydoa, Bogler ron der (Sehool ot)^, Joys and Sorrows of Mary. 

WeydoDt Rosier van der-- _ —_Portrnlt of a Toung Wom-an. 

WUz, Konrad—,-_ _ __The DecEsloo on the nederaptlon of Man, 

Witx Konrad_ _ The CrueiEbcEoa. 

Daumier, Hobore—.. . .Don Qulscote, 

Manets Edouard__ _____ The Greenhoufla 

Acx^trismoNS 

macHA^ or ^ATWTir^a 

On Febiuary 11, lt>46, the Board of Trustees approved the purchase 
of the painting, ‘‘Siegfried and the Khlne Maidens,” by Albert P, 
Ryder, vidth funds of the Gallery. 

uiVTs OP p.tiirnKo akd Bcuurnjsc 

On October 10, 1045, the Board of Trustees accepted the painting, 
“Lady with a Harp — (Eliza Ridgdy),” by Tliomas Sully, from Mrs. 
Maude MoncU Vetlcsen. The Board of Trustees on December 7,1945, 
accepted the portrait of Aaron Baldwin, by Francis Alexander, from 
Mrs. Earle E. Bessey, the paintings, ‘The Johnstone Group,” by Sir 
Henry Raeburn, “Stwip Bubbles^ and “The Magic Lantern,” by 
Charlcs-Amedee-Philippe van L-oo, from Mrs. Florence S. Sdwette, 
the portrait of Governor Charles Ridgely, by Tliomas Sully, from Mr, 
and Mrs, John Ridgely of Hampton, and the paintings, “A Courtyard, 
Doge’s Palace, with the Procesion of the Papal Legate," “A Fete 
Day, Venice,” “The Square of St. Mark’s,” and “Venice, Tlie Quay of 
the Piazzetta,” by Canaletto, from Mrs. Barbara Hutton. On Decern* 
her 10,1045, the Board of Tru.stees accepted the bronze xjortrait bust, 
fmaginarv Portrait after a L<ate Roman Bust, by Lodovioo l^mbardi, 
from Mr. Stanley 5Iortim&r. On May 10, ^46, the Board of Trustee 
accepted the portrait of Count Ludovico Vidmatio, by liberio Tinelli, 
from Samael L. Fuller, and on the same date the Board also accepted 
two bronzes and about half a dozen selected small paintings from 
George Matthew Adama 
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omrs or decoeative awa 

On December 7j 1045, the Board of Trustees accepted t’n o mimature 
paintings on porcelain, Louis de Bourbon, Prince de Condo (D& 
Grand Conde), and Henri Jules, Due d^Albret (later Prince de Conde), 
by Jean Potitot, the Elder, from T,iessLng J, Bosonwald. 

qlFTS OF Fil^TTO DBJkWIXGA 

The Board of Trustees, on July 06, 1045, aiccepted ft set of elephant 
folio o# John James Audubon^ Birds of America, consisting of 435 
unbound plates, a set of five volumes of text pertaining to those plates, 
and miscellaneouE letters, dippings, and other papers relating to the 
plates, from Mrs. Walter B* James. On December 7, 1945, the Board 
ao(5eptecl an engraving, “Ocorge Town and Federal City or City of 
Washington,” from Otis T. Bradley. On May 10, 1946, the Board 
accepted a lithograph, «In Memory of the Children of Eurape Who 
Have To Die of Cold and Hunger This Xmas,’' by Oscar Kokoschka, 
from Oscar Kokosclika, IT lithographs from the United States Army 
Forces, Middle Pacific, a collection of prints, drawings, and etchings 
by l^grois from George Matthew Adams, and a print ‘‘LTIeui'euse 
Fecondite,” designed by Fragonard and engraved by Nicolas de 
Launay, from Edwin Wolf, II. 


LOASr or WORKS OP ART TO THE OALLEBr 


During the fiscal year 1946 the following works of art were received 
DU loan: 


From ClarvDCS Y, PalUB, New York. N Y,: 

TEio Njtdi^ of the _____ 

From WUllam A, CoHiljUgCp Wash|B|toD, B. C,; 
VSew of Bnn GJorefo and the Dogana from 

the dl Sau Mnreo___ 

Ue I-abourenr„_.____ _ 

Its Ter View at Be. Mn iwm f Wf_ _ 

Lnnilficfipo oo Isle df __ 

From Mra, Arrhur I^lin and WUltain Jay 
XbivISn, KtitonEih, N. T.; 

Clilef Justice John ___ 

Alexander HamUton^___ 

From airiB. Dwight Dnvia, Wa^htoj^on, B. C-: 

Captafa Patrklt ___ 

From the Armi- Jnatltule of PatholoBy, Waah- 
Ixieton^ B- C.: 

Br^ John H. Brlntoik._,_^___ _ 

From SamocI H, Krcisg and tfag gomuel e. 
Kress Fomidattciii, New York, N. Y.i 
S0 palnilni^ and 12 ftleces of scalptiu^. 


Artitt 

Lueiia Craiiaqli the Elder. 


Giirifi lotto. 

ViDceat Tan Qogh. 

Alfre>d Sl&kj. 

JoBeph Mallord William Tamor* 


Gilbert StUftrL 
Jobo Trumbull. 

Blr Henry Ra^hum. 


Tboams EakiTiii. 
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E^roin Hadiiiiig CMrLott^ Jo- 

liamiesburf, Africa: 

12 DUlntin^ 

Fi om JuLLie^s Huzcd H^dq„ New Torkx N. T.: 

___*'A, Auwercx/^ 

Frnm OolODel Axel H. Oxbolmp WB^bln^ton, 

DC,: 

Martha WasIiingtOD--- - - ■ Attributed to Ralpli EarL 

From Frederick STorees, Jr., Nw N. Y.: 

Newport MarliKjr, 1S5T----John S. Kensett. 

LOAN OF WORKS OF ART BY THE GALLERY 

During the fiscal year 1JH6 the Gallery loaned the following works 
of art for exhibition purposes t 

Fat'lieuEdri Arl£|t 

To the C<Mjrge WaUcr Vincent SniSth Art Gal- 
leryp Springfield, Mass,: 

The Lachawatma Yallej’_____ 

To the Art Institute of Chicago, ChicnoOp Itl.i 

Both Members of This Club^_____ 

To the Centnty AsSocEatiaOp New YoriCp N^ Y*l 

Portrait of Nathaniel flawthorjie__ 

Both Aiembers of This Club__ _ _ 

To the Tate OaJler:rt LflftJoti, England: 

Breezing llp_____ _ ____ 

George Washington____ 

Mrs, KkhEird Yates________ 

The Lacks wqnna VrtllcT-— _- 

Slegfrieil and the Hhtne MaliXetia.—_ 

A Friendly CaU___.__ 

Governor Charles RLdgoly,,— 

To the White Hoosep Washington, D. C-: 

Fortmit of Geurfo TVashlngton-_ 

To the U. Ek^rfment o£ State, Bbir Lee 
HonsCp WosbIngtoDi D- 
7 prints from the Bo^enwald Collecllnit. 

EmitirriGNs 

The following exhibitions were held at the National Gallery of Art 
during the fecal year ended June 30,1946: 

Soldier art. Wlnotiig entries in the Natlonnl Army Arts Contwt, fipori^rtd 
and finAaced by the Special Services Division, Uoltod States Army Service Forces, 
from July 4 to SepteiDber 4p 11145. 

Carrkr and Ives prlnta Lent hy Harry T. Peters, from July 22 to November 
^ 1940. 

Now acqnlaltlona In the B(:fSonwald ColleetloD. A seTectlon of prints from 
the new acquisitions In the Posenwald CottectlonH fram September S to November 
4tl94liL 


Goorge Inoess, 

George Bollowa 

Emanuel Leu me. 

George Bellows. 

Winslow Homer. 

GSIhert SttiarL 
GlU>ert Stuart. 

George Inness. 

Albert P. E^dcr. 

William Merritt Chase 
Thomua Bully, 

Renabmudi Pen 1 & 
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MarJtie Corps buttle art, PnintSnga and aketcli^ made oo Paemc battla^elds, 
from GnadaScatinl to Okiijnwu: sponscred oad fliiftnt?ed bj tlie Unltod States 
Marine Corps, ti^urkloK the otio hand red niid so vent loth annlversiiry of the 
foimdloit of the Corps, from r^'ovemtwr 10 to Deceiobef 1B4EL 
prhita, Seloctlona from the Xattoiiat Gnllerj^'B collectton of prints and dntw- 
logSH from November 27^ 10^ to March 0, 39J6L 
Kress aiidldona to the NatSoniil Gallerj flf Art, Falntlngi and setllfplun^ lont to 
the Kress Colleetloo of the NntloiMl GaUery of Art by SamnQl n. Kress and the 
Samuel EL Kress Foundation, apeuln^ Fohrimry 2, ItHy, 

Me^lU-lhe In prints. A collection formed hy Br, Cleinents C. Fry of the Bepari- 
ment of KeuUh, Tale Unh-erslty, from February 10 to March 24, 1&46. 

Hogarth and RoTvInndsoa prints. From the Le^iSlng Hosenwald Collection^ 
from Febriuifj I7 to May 19, ItMIl 

Facsimiles of Rnsslan folk prints. From the Bosenwald Collection, from 
March 7 to May lA 1!>46. 

Life of Christ depEcted in the etchings of Remhirindt, Prints from the 
Rosen wall! Collett Ion and an aaonymon^ lender, from May 14^ 194Bp to contltiuo 
approximately 2 months. 

Audubon prints^ '^Blrcl^ of America-.'^ Elephant folio set by John James 
Audubon, from May 29, 1&I6, to continue approxlnmlel^^ ^ monili& 

Fine arts under fire. Photographs In 30 pnnels showing the work of the 
Monuments and Fine Arts Officers In Europe, from May 14 to June 2, 194®. 

[ Bemeniber That Interiors of a generation ago, froni a selection of water 
celnrs from the Index of American DeJ^lght fi'om June 4 to June 10^ 1&4®, 
Music tn prints. Prints from the Rosenwald CollecHon, frotn June IS, lOldl* 
to continue for an Indefinite petlcHl. 

TKAVELIXa EXllUMTK^S^ 

Index of American Design* Exhibitions from this collection of 
wfltcr colorsj drawings, etc,, have been sho^Ti during the fiscal year 
104B at the following places: University of Jfew Hampshire, Burhaai^ 
X. H,; Elgin Art Academy Galleiy, Elginj Ilh; Baltimore Museum of 
Art, Baltimore, Md.; University of Wisconsin, ^ladison, Wls.; 
Beauvoir Xational Cadtedral Elementavy School, Washington, D. C.^ 
Kanawha County Public Library, Charlcj^on, TV* Va, ; Society of 
Liberal ArU^ Joslyn Memorial, Oninha, Nebr,; California Palace uf 
the Legion of Honor, San Francisco, Calif,; the Newark Muscun^, 
Newark, K* J*; Library of Congress, Washington, D* C.; Ohio State 
Museiun^ Columbus, Ohio; American Federation of Arts, Washington, 
D. C- (for circulation); Antiquarium fjeague of Ituehester, Y.; 
Amcrjcan Embassy, Madrid, Spain; and George Washington 
University, Washington^ D* C. 

Boscnwald prints. Special exhibitions of prints from the Busen- 
wald Collection were circulated during the fiscal year 1046 to die fol¬ 
lowing places: Philadelphia Museum of Art, Philadelphia, Pa.: Free 
Library of Philadelphia, Philadetphia, Pa,; Philadelphia Art Al¬ 
liance, Philadelphia, Pa,; American British Art Center, New York, 
Y.; Library of Congro^ss, Washington, D^. C.; Cayuga Museuiri of 
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Art and History, Auburn, N. Y.; Smith College Museum of Art, 
North ftnipton, j^Iass.; und the Inter-Americiu Office of tlie National 
Gallery of Art, Washington, D. C,, for circulation in South America. 
Five special exhibitions ’were lield at Alvertborpe Gallery, Jenkin- 
town, Pa., for the Tyler School of AiT- 

VAUTOIT& ALTIVITLES 

During the period from July 1, 1945, through June 39^ 1940, a total 
of 52 Sunday evening concerts were given in the East Garden Court 
of the Gallery^ The concert 3 were free to the public and were attended 
by over 50,000 persons. During March IMO, the Third American 
Music Festival ’was held and atti^ictcd national as well as local interest. 

Special suppers for service men and women were held every Sunday 
night, during the war years, in the staff dining room of the National 
Gal lery o f Art - Approximately 7 ^80 service men and women, many ef 
them in the service of our allies, attended. These sup^iers, free to the 
guests, w'eie made possible by generous contributions received from 
fi'iends and the staff of the National GaUcry of Art, 

Four additional prints of the 16-iiimi sound version of the Him, 
'“National Gallery of Art,'^ were acquired, making a total of six prints 
now owned by the Gallery* Of tliese, one is now on indefinite loan at 
the American Embassy in Paris, and a second one xvas taken by Mr* 
Walker, Chief Curator of the Gallery, for showing abroad. Prints of 
the film wei'e borrowed by 13 institutions and indi’riduals for riiowing. 

A total of 136 color reproductions of ’n orks of art in the National 
Gallery have been a^mblcd, labeled, and. framed* These reprCMiuc- 
tioas, arr^inged in set? according to schools, were purchased by the 
General Federation of Women^s Clubs for circulation among its clubs 
in this country* 

A total of 3^5 copi(^ of press rekiwes, 177 special permits to copy 
paintings in the Gallery, and 86 specifd permits to photograph in the 
Gallery were issued, 

INDEX OF ASIEHICAN 

On July 1,1645, a new section, staffed by a supervisor and two assist¬ 
ants, was organised to carry out all work connected with the Index of 
Americun Design. Dumig the year, the 32,000 drawings were classi¬ 
fied and filed. Plans were formulated for lending Index drawings, and 
in this connection, w orking contacts have been established with many 
private individuals, art museums, historical societies, etc. About 
20 exliibitioiis of selected drawings were assembled and circulated. 
A total of 160 original designs and 66 photographs w'^ere selected for 
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usa in oonnaction with publications, and IM photographs were dis¬ 
tributed to artistSi manufacturers, research students, etc^ 

IKTEn%iafKei0.tN OFTJCE 

During the year ended June 30,1946, the Inter-American Office hag 
continued to carry out the Latin American art program of the Depart¬ 
ment of State through the exchange of material and publications and 
the assembling of in formation on Liter-American art activitieSi Dur¬ 
ing this time six major photographic exhibitions and two exliibitions 
of original art were prepared for circniation in Latin America; ap¬ 
prox imately 300 publications were widely distributed throughout the 
Latin American countries and a booklet listing Traveling Exhibitions 
of Latin American Art in the United States was compiled, published, 
and distributed in this country. 

CUn^lTORlAL DEPAJmiEZNT: 

During the past year there were 789 new accessions, eitlier gifts, 
loans, or deposits, including paintings, sculpture, prints, and the deco¬ 
rative arts. These accessions were registered and the great majority 
placed on exhibition, lliree hundred and seventy works of art were 
brought to the Gallery for expert opinion, involving 208 consultations. 
The curatorial staff also made 103 written and 164 verbal repll^ to 
questions from the public requii-ing research, and &3 visits were made 
to coUeetions of private individuab in connection with offers to the 
Gallery of gifts or loans. Five members of the staff deliver^ 21 public 
lectures on 11 topics. 

TV^ork on the revision of the original preliminary catalog, published 
in 1941, has made considerable progress, and the first portion of the 
new sculpture catalog, covering Jledieval and Eenaissance marbles 
and terra cottaa, was completed. At the sania time, the cataloging and 
filing of photographs in the Richter Arcliivo continued, and wvill he 
completed within the next year; this will make possible the cataloging 
and filing of new accessions of photograplis witiiont delay as soon as 
they are received- For the publications of tile curatorial staff during 
tlic year, see under Publications in this report. 

Other important activities of the curetorial staff included the Tate 
Gallery Exliibition in London, England, which consisted of an ex¬ 
hibition of 220 American paintings, chosen from American museums 
and private collections for showing in London at the Tate Gallery 
in June and July. In addition to general organizing respfinsibilitieSi 
Mr* Walker, Chief Curator of the Gallery, was diairman of the com¬ 
mittee to select ei^teenth- and nineteenth-century paint ings^ 


REPORT OF THE SECEETAHT 


51 


The curatorittl staff continued its assistance to the American Com¬ 
mission for the Protection md Salvage of Artistic and Historic 
Monuments in War Areas (Justice Owen J. EobertSj Chairman) to 
the end of tlie Conimission's activity on June 30,1940. 

Although the custodianahip of the French Government collection 
of works of art was terminated February 1^ a number of paint¬ 
ings continued to bo housed and exhibited in the N^ational Gallery 
of Art. At the end of the past fiscal year preparations were begun 
to remove all but sis of those paintings for packing and shipment to 
France. 


restoration ^vxd retatr of works of art 


With the authorization of the Board and the approval of the Chief 
Curator, the necessary restoration and repair of works of art in the 
Gallery’s collection were made by Stephen. S. Pichetto, Consultant 
Restorer to the Gallery. All work was oompkled in the restorer's 
studio in the Gallery, with the exception of S9 paintinga requiring 
attention before they could be shipjjed to Washington or on whida 
work had already been begun in Mr. Pichetto’'s New York studio. 


EI>TC AXIOM An FROORAir 


Approximately 15,000 persons attended the Gallery tours of the 
collection, and 13,0S0 attended the lectures in the auditorium by staff 
and visiting lecturers* The Picture of the Week, a 10-minute, twice- 
daily talk on a single painting, continued to be a most popular feature, 
attracting 25,029 persons during the year- Special tours, confer¬ 
ences, and appointments were arranged for 2,599 persons. 


LEKRART 


A total of 802 books, 160 pamphlets, and 93 periodicals were pre¬ 
sented to the Gallery; T books were purchased by the Galleiy; 135 
photographs and 190 kodachrome slides were presente<i as gifts; 35 
books, 43 pamphlets, and 443 bulletins were received on exchange 
from other institutions; and 26 subscriptions to periodicals were 
made; 3,589 books were borrowed and returned, of which number 
3,504 were from the Library of Congress and the remaining 85 from 
art museum and university libraries* 


FiiOTCKIKAf inC DEFAHTStjSNT 


During the year the photographic laboratory of the Gallery made 
13,195 prints, 660 black-and-white slides, and 2,026 color slides, in 
addition to 821 negatives, and lT8 X-rays, infrared photographs, 
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ultraTioltt pbotograplts, kodnchromes, and sets of oolor^panttion 
negntives. 

0T[1EB oiriB 

During the fiscal year ended June 30, l&i6, gifts of books on art 
and related material were made to the Gallery by Paul Mellon, Mrs. 
W. C. Eustis, the Victoria and Albert Museum, Donald D. Shepard, 
the Dumbarton Oaks Library, die Exdmnge and Gift Division of the 
Library of Congress, the educational department of the Young 
Women’s Christian Association, Wells M. Sawyer, and Lconder 
McCormick-Goodhart Gifts of money during the fiscal year 1043 
-were received from Mrs. Florence Becker, David E, Finley, MaegiU 
James, Paul Mellon, Duncan Phillips, Lessing J. Bosenwald, and The 
A. W. Mellon Educational and Charitable Trust 

Atmrr or frjyate itjxds of thz OALijSBV 

An audit is being made of the private funds of the Gallery for the 
fiscal yeor ended June 30, IMG, by Price, Waterhouse & Co., public 
accountants, and the certificate of that company on its examination 
of the accounting records maintained for such funds will be submitted 
to the Gallery. 

Respectfully submitted. 

HtrsTTsoTOK Caldn's, Secretartf. 

Dk. AtXXA>'DEB WeI^IORE, 

Secretary, SmitAiotiian Imtittiiian. 


APPENDIX 3 

REPOST ON THE NATIONAL COLLECTION OF FINE AETS 

SiK : 1 have the honor to submit the following report on the activi¬ 
ties of the National Collection of Fine Arts for the fiscal year ended 
June 30, 191G: 

AFFROFRLATlONa 

For the administration of the National Collection of Fine Arts 
by the Sniitlisoniaii Institution, including compensation of necessary 
employees, purchase of books of refei'euce and penodicols, traveling 
expenses, and other necessary incidental expenses, $14,5S0 was allotted, 
of which was expended in connection with the care and 

maintenance of the Freer Gallery of Art, a unit of the National Col¬ 
lection of Fine Arts. The balance was spent for the care and upkeep 
of the National Collection of Fine Arts, nearly all of this sum being 
required for the payment of salaries, traveling expenses, purchase of 
books and periodicals, and necessary disbursements for the care of 
the collection. 

Tin: sKmisoxiAK aot coumissiox 

The twenty-third annunl meeting of the Smithsonian Art Commis¬ 
sion was held on December 4,1945, The members as^iubled in Gallery 
3 of the National Collection of Fine Arts, in the Natural History 
Building, at 10:30 a. m,, where, as tlie advisory committee on the 
acceptance of works of art which had been submitted during the year, 
they accepted the following: 

Oil Tbe WowlTand Woy, hj Wllllnjn BDJcter 

Qlti of the executars of Mrs. CI04eoa'« eetat^ 

OU paSnriD^, E^ttrnlt of OiNirgc Catlin, bj William FtsM, P- A, (lT9€t-lS72)+ 
Olfl of SJlFfs Mny C. KlsinejTj Em«St C. Kinney,^ rtnd Bradford cits, 

^UoJsitnro, MJaa CliMneatItie D^lcour \n by A. Margnretta Archdmr 

baulb Oift of tb^ artist 

IHplatiiret Womnn Knittings by Untj Ursula Wbltloclt (1B80-UM4). Gift of 
the execDtors of the artlst^B estate. Accept^ for the ^ralthscalao lasUtntloiL 

The membera then adjourned to the offices of Dn IVetinore, Secretary 
of the Institution, for the further proccedirigSi and the meeting was 
called to order by the chairman, Wr. Manship. 

The members present were: Paul Manshipj chairman; Dr. Alexander 
Wetmore (es officio); and Robert W. Bliss, Joliti N. Brown, George 
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H. EdgeU, David E. Finley, George H. Myers, Archibald G. Wenley, 
and Mahonri M, Young. Buel P. Tolman, Curator of tlio Division of 
Graphic Arts in the United States National Museum and Acting 
Director of the Xational CoUection of Fine Arts, also attended. 

The folloTving resolutions on the death of Herbert Adams were 
submitted and adopted: 

tJm HmEttiBfiniBn Aft CoaiDil£9lo[i hos of the death oji May 

21p 1W5, of Ut. Herbert AdEin^ b meaiber of the GcamitsBlon since 1921; there' 
fore be It 

Reived, Thnt the Commloaioo destroy here to record Ita Blneene sorrow at 
the [lasslDg of Mr. AdiiiiLS> an eminent sculptor, prodtjcllons are aa endarlng 

moti iim eiit to his ecnlos^ He wae ever ncadj with helpfo! adTlce In furmnlattog 
the policies of the Smithsonian Art CommL^lori aod the National CJollectlon of 
Fine Arts. Hla helrful Interest in the fifTalrs of the Comoaisslon will be Eadly 
missed. 

Remlvcd, That those rcsolntloas he spread upon the records of the commtsslonp 
and that the secreiarj be reoncsted to tnforefl the family of Mr+ Adams of this 
action. 

The resignalioit of Edward W. Redfidd wjia submitted and accepted 
with regret. A letter of appreciation for his long md faitliful sendee 
WAS ordered sent to hitn* 

The commission recommouded to the Board of Regents tho namo of 
John Tajlor Arms to s^icceed Mr. Adams, and Eugene E* Speicher 
to succeed Mr, Bedfield. 

The following officers were elected for the ensuing year: Paul Man- 
ship, chairman; Frank Jewett Mather, Jr,, rice chairtnan, and Dr. 
Alexander Wetmore, secretary. 

The comniisBion recommended to the Board of Regents the reelection 
of John J^icholas Brown, Mahonri M. Young, George Hewitt Myers, 
and Robert Woods Bliss for the nsual 4-year period. 

The following were elected members of the executive committee for 
the ensuing year: David E. Fjiilcy, cimirtnan; Robert Woods Bliss, 
and Gilmore D. Clark. Paul Man^dp, os chairman of the Cbrnmie- 
sion, and Dr. Alexander Wetmere, as secretary of the Commission, are 
ex officio in embers of the executive committee. 

THK CATHERTSTE WALDEX MTER FUND 

Two miniatures, water color on ivory, were acquired from the fund 
established through the bequest of the late Catherine Walden Myer, 
as follows: 

63. ChBTlca Wm. Mc^Inaes f3793- ). by Carl W&lnedal ; from 

Mrs, Robeit I*, nieblaoh, Wash. 

01. Samael Douchj. by NatfaiinleL Rogers (178S-1S4'1>; from Mra Frederic 
Fairchild SherfUBii^ MLUlnftoe, N. J. 
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TIIE REV. AURED DUA\'E PELL PCRD 

The following two pieces of pottery were acquired from the fund 
established through the bequest of the late Bev, Alfred Duane Fell, 
as follows; 

tine vnse, MuiinUUni^ at th^ MocUp dciiSgoed ildiI executed by Le^ MiUpemp of 
Holland; froin Halperki, 

Om atone^rare bo ttle, df^Bl^ed and ciecQted by Boruard Lcach^ ocC Eu^ladd s 
trom tbo BrltLsb Crafts 

1/>ANS ACCFJT^ 

A marine painting by Lionel Waldcu (1861-1933), was lent by 
Aduiiml Chester W. Kimitz on Decomber 11, and withdrawn on De¬ 
cember 21, 1945. 

Three miniatures, water color on ivory, Dr. John Austin, of British 
Guinnn,, attributed to AleEauder Bobertson (1773-lS-ll); Jonathan 
Amoiy (1892-1885) of Boston, by unknown artist, and ilra. Jonathan 
Amory (1806/09-1875), (douglitev of Dr, John Austin), by lime. 
Busset, were lent by Miss E. M. Matthew's of Chevy Chase, Md., on 
February 14,1946. 

WTrn&BAWH.Vld BT OWSEfiS 

A marble bust of Mrs. William C. Preston, by Hiram Powers, lent 
by Janies Q. Davis in 1926, was withdrawn by the owner and sent to 
the University of South Carolina on July 3,1945. 

Tliree portraits, by Charles Willson Pcale, of Mrs. Elliott, Mrs. 
John O’Donnell, and Mary O’Donnell, and one by Charles Pcale Polk 
of George Washington, lent in 1017, wore withdrawn by the owner, 
Miss Maiy Eugenia Parke, on December IT, 1045, 

Two pastels, The Cliffs Affame, and Patsy, and five oil paintings, 
Looking For Out, Joyous Childhood, The Red Bam, Peonies, and 
Springtime, by William B. Closson, lent in 1040, were withdrawn by 
the executors of Mi's. Closson’s estate on February 21, 1946. 

A silver tankard, lent by Ensign Edwaivl Shippen, United States 
Naval Reserve, in 1044, was withdrawn by the owner on April 5, 19-16. 

DEFOSnS 

Three bronzes which had been in the art room of the Smithsonian 
Institution for many years, two entitled Augustus Caesar, and the 
other, Centiiur, by unknown sculptors, were deposited by the Smith- 
eon ian Institution. 

T3Mei—IT—e 
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UOANfl TO Cmirnt MUSKUM8 A SO OI^GANUSATIOS'S 

Two oil painting8. Portrait of Commodore Stephen Defcatur, bj 
Gilbert Stuart, and Portrait of Admiral William S. Sims, by Irving 
R. Wiles, were lent to the United States Naval Academy fur an ^hi- 
bition of naval personages and traditions, in connection with the 
ceremonies held in observing the centennial anniversary of the found¬ 
ing of the United States Naval Academy at Annapolis^ on October 10^ 

1945, held at II. Knuedler & Co*, New York City, September 24 through 
October 13,1945. (Returned November 6, 1945.) 

Two miniatures, Mi's, Bertha E. Jaques, by Nelly McKenzie Tol- 
maii, and Woman Knitting, by Mary Ursula Whitlock, were lent to 
the Pennsylvania Society of Miniature Painters to be included in 
their annual exhibition in Philadelphia and Wasliington- (Returned 
December 3, 1945.) 

An oil painting, The Visit of the Mistress, by Wijislow Homer, was 
lent to the Virguda Museum of Fine Arts, Richmond, Va., to be in¬ 
cluded in their exhibition of Nineteenth Century Virginia Genre 
Painting, Januarj'' 17 through February 13, 1046. (Returued Febru¬ 
ary 25, 1046.) 

The original design for the painting in the Capitol, Westward the 
Con 1*36 of Empire Takes Its Way, by Emanuel Leutze, was lent to The 
Century Association for an exhibition held at their club, New York 
City, February 7 through March S, 1D4C. (Returned March 7, li>40.) 

Four water colors by Williani H. Holmes, A Maryland Meadow, 
Wattes Branch, Near Rockville, A Stoim-Bcateu Coast, The Unmodi¬ 
fied Rock Creek About 1910, and Coal Barge, Capri, 1S30, were lent 
to The IVliite House, January 25, 104G. 

Three oil paintings, Conway Hills, by Frederick Ballard WiUmms, 
The Meadow Brook, by Charles P. Gruppe, and Sea and Rain, by 
George H. Bogert, were lent to the Treasury Department, March 14, 

1946, to be hung in the large conference room in the Treasury Building. 

Two pastel portraits of Gen. George Wjisliingtoa and Mrs. Martha 

Washington, by James Sharpies, were lent, with the consent of the 
owners, K’jbert E. Lee, Dr. George Bolling Lee, Mrs. Hanson E. 
Ely, Jr., lOid Mrs. William Hunter de Butts, to Enoedler Galleries, 
New York CJity, to bo included in an exhibition sponsored by the 
Robert E. Lee Memorial Foundation called **Stratford Hail, the Lees 
of Virginia, and Their Contemponiries,^^ from April BO to May 18, 
1946. (Relumed May 27^ 1946.) 

LOANS nETUnNZD 

One oil painting, Portrait of Andrew Jackson, by R. E. W. Earle, 
lent to the Baltimore klusenm of Art, was returned July 21,1945* 
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Two oil paintings. The Woodland Way, and Joyous Childhood, by 
William Baxter Closson, lent to the civilian medical division, War 
Department, were retamed November 21,1945, 

the HEXRT WAXD BXKGta FU^1> 

No, llS. Wreck at Lobster Cove, by Andrew Wiftter, N, A. (1803- ), pnr- 

chBeed la 1040 by the eouftcll of the NbEIodaI Academy of Design from the fund 
provldeii by the Henry Ward Ranger beqqest, was assigoed hy the coanell to 
the Wlaeheater tMhlie Llhrary. Winchester, Mass,, Decembar 7, 1945, 

The following two paintings were recalled for action on the part of 
the Smithsonian Art Commi^ion, in accordance with the provision 
in the Ranger bequest. The Smithaonian Art Commisaion decided not 
to accept the paintings and they were returned to the museums to 
which tltey were originally assigned: 

No, 61. Woodland Nymph, hy Doogias Volk, N. A, (1550-lOKi>, nssIgBed 
to the Atlanta Art Assoctatlon end High iraRcuin of Aft, May 16, 1(127. 

Na 67. A Long liUmd Garden, by ChlliJe HaBsnia, N. A- (1890-19S5), eslgned 
to the Kansas City Art Institute, February 27,1029. 

the nation At COLLECTION OF FlKR ABTS BEFEBENCS UBBABT 

A total of 414 publications (27T volumes &nd 137 pamphlets) were 
accessioned, Tliis number includes 152 volumes and 39 pamphlets 
purchased, the priced auction catalogs of the Parke-Bcrnct Galleries 
accounting for 33 volumes and 30 pamphlets. The other accessions 
were publications received by exchange, gift, or transfer, with the 
exception of 72 voluiues of periodicals which were returned from the 
bindery. This year’s additions bronglit the total library accessions 
to 10,134. 

SPECIAL. ESHnUTTONS 

/u7y 3 fhrouffh Oct^^her fl, J&iS.—An oil painting, John Barryinore 
as Hamlet, by John Slavin, of Richmond, Va., was shown in Gallery 2. 

October 3 through The Hon. William D, Pawley col¬ 

lection of 27 portraits of “Flying Tigers,” by Raymond P. R. Neil- 
Eon, N. A., was sponsored by the Chinese Ambassador to the United 
States, Dr. VTei Tao-Ming. Catalog was privately printed, 

October 7 through Exhibition of sculptures by Genaro 

Amador Lira, of Nicaragua, consisting of 11 large piecBS, 10 minia* 
ture Bgures carved in wood and ivory and 1 cast in silver, was spon¬ 
sored by the Pan American Union. A catalog was publislied by 
the Pan American Union. 

October 8 through 38, Twenty portraits of members of the 

Lafayette Rscadrille, and a few other Americans who fought in 
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World War I, by John Elliott (1858-1925), from our permanent 
collection. 

November 2 through £5, —^The Eighth Jletropolitan State 

Art Contest, held under the auspices of the District of Columbia 
Chapter, American Artist’s Professional League, assisted by the 
Entre Nous Club. There were 413 exhibits, consisting of paintings, 
sculpture, prints, and metalcraft. 

Decomber 5, 19^^ through January 19^6^ — ^Tlie forty-fourth an¬ 
nual exhibition of miniatures by the Pennsylvania Society of Miniature 
Painters, consisting of 100 miniatures. Beprint of catalog. 

January 8 through £7, /S^t^-'—Ss^bibition of 53 portraits by Alfred 
Jonniaux was held under tlie patronage of His Exceliency, Baron 
Robert Silvercruys, Belgian Ambassador to the Ciiitod States. A 
catalog WAS published by the artisL 

February J through. £4, 1948, —A Century of the Greeting Card 
(1846-1946), courtesy of Brownie’s Blockprints, Inc., of New York, 
creators of the Brownie Greeting Cards. Tliere were I3fl panels 
containing 949 cards. A catalog was privately publislied. 

March 1 through 31, 1849- — Exhibition of 53 oil and water-color 
paintings, by Charles P. Gruppe {1860-194U). 

April 6 through SS, Exhibition of 54 paintings of Siam by 

students of the School of Arts and Crafts, Bangkok, held under the 
auspices of the Hoyal Siamese Legation. 

May 12 through 29,194S, —Biennial Exliibition of National League 
of American Pen Women, including 582 art objects. 

Jvma 7 through 16, 1946, —Scholastic Calendar Art Competition, 
sponsored by tlie Washington Post, including 150 paintings. 

Respectfully submitted. 

R. P. Touian', Acting director. 

Dn. A, Wetmoke, 

Secretary, Smitheonian fnsiitution. 


APPENDIX 4 

KEPORT ON THE FREER GALLERY OF ART 

Sir : I have the honor to submit the twenty-sixth annual report on 
the Freer Gallery of Art for tlie year ended June SO, 1946. 

TJlE OOLLECnOXS 

Additions to the collections by parelti^ were dis follows ^ 

DSONXe 

m2. CliSiieae, Had <200 B, C-A. D. 22D>. GIU bram^ nip yr\th filum- 

ctiloFed la<}iiuer orei^body^ hanitle to form of o binl't bead ’with Jevfcl 
eyes and turquoise crest. 0+041 x 0.100 i 0.000^ 

484 Chineaep Chou dyiin?ity (1122-2^ B. CO. Ceremonial vesael of the type 
tinff, fittootli blulfih-giwn tvitiDfip occasional ertcrusErallons of cuprlie^ 
two upright inverted U-shaped ImndJes ou tto. baod of decomlion cast 
[n relief aroona rlffl; throeurbHracier Inscription los-ld^- i 0.15L 

46,5, Chinese, Shaiig dynafiiy (1166-im B. a). W-etti>on fai> of the type chHr 
green to Kruy patina with putchiM of axilrlie Odd cuprite; hole with 
thld^ened rlni through tapper ceoter of hlndc, decutlilloja cnat In relief 
ctj «cfj not and bacli of blade pierced tor haftlug; iDSCrlpllon of one 
chnmcter+ 0.32T i 0.251: wolgiit; i^'% pountia, (IlliiBtrEled.) 

4aS. Chinese, Han djnasty (206 B. C.-A. D. £20y. Gilt bhiiue garioent hoot in 
dragon form; back Uilftld with 10 pieces of graylah-whlte to gTccnlsh 
]adc; broad piece of Jude al bade Inclsied with mask patierD. QAm i 
(L021* 

46.ia Chlsese. Sang dyunsly {A. D- 200-1271?). Gilt hrouic Buddhist UBfige; 
staudlDg ftgnre of Avaloklte^Tara In yauuanese style; gliding worn In 
places; figure of Amltilbha In hcaddreos; right hnnil in ritorita mudrd, 
loft baud In poro mudr^. D.404 x 0JJ4 

46.11, ChlhescH A, D. 0ih-Tth ccutur?. Toilet hoi with corer; smooth green 
patina. Incised landscape and dragon design on box nnd cover; ^natrefoil 
find small loop on coTer; tliree boll feet. tXlSt.ii i 0,182+ 

aoL» 

40.3. Korea hi A^ D. fttb-Olb ceutnry. 13caddr(?sa nmn cftent; a standing Buddhist 
Image in re|vuas4 relief; surrounded by jeweled glory; 7 of the IS Jeweto 
mtasing; jewel In urno ml^^lng; right buntl bold before breaJsrtp lefL hand 
pendant bolding fndifa+ 0.093 x 
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45.41. Clilneai^ ^ling d^raasiir {A, U. 13CS-lftM>, Bj dj'ftii (A. D, 

a pvem of 14 charitcters In liik on paper; atgmitcire of two 
cIiameEers^ om seal; part of paper mlasiug; at lower eiJee. 1-834 i P.915. 
(lUusLmted.) 


aiETAJ^WOSE. 

45^ Bactrlai], 1st centnry B. CL-lst ceatnry A, D. Bowl (of boas} of tbfet 
Bilrer alloj; 12 htuuacL a beutp a horse, and an eagle In 

relief on out&ldo; truces of gliding remain. 0.044 x 0.1DL (Illustrated.) 

IOlT. Chinese, H:in dynasty (2PQ B. Q.-A. D- 220). Iron mimoTp mucli rustefti 
with fragments of origitiat sllb container embedded tn met; gold iheet 
LalaEd on back with cut-out Ogure desigtiA and some repouas^ llinear 
deslgna DUmeter: 0.103, 


irAi?;Tiwo 

45.3A A recent □ddltlon to the collection of the Freer Gallery of Alt* 

45:31. dUnesiv M\uk dyimaty (A. D. 13fl8-1614), By Sod Chlli, dsted In cone- 
gpondenL'c with A. I>. 157B. Autumn landscape; ink and color on pap^ l 
sEgnaturCp date and two goals on pahiclng ; six aeaJs and Are Lnacriptlona 
nn mdunt. ^.2S2 x 1.2€&k 

45-3S, Chinese, Cb'liig dynasty (A, D. ia44r-1012). By Chon Hao (A. D. 1685^ 
1773)+ A lamlfieape in Ink on paper; label, signature, alx Inscriptions 
and six seals on paEntlngn three initcilptlons and nine seals on luotiiit. 
0l139 X 8.72L 

roTuaT 

4&34. Chinese, Cb'ing dynasty tA. D. lft44-lP12>, Fonr^Ided vase with anlmnl- 
Istic handles; btgb foot; white porcelain, transparent colorless gisiie 
decorated with oTerglareenamels; six-character mart of ihe Ch^ien-lung 
period (1730-1796.) In undergla^^ bine on base. 0.2T2 y a.lS2 % a.l2L 

45.35l Chinese, Ming dynasty (A, D. 1308-1044). Deep, thlck-wallcd bowl; flat 
ring foot; white porcelulDn transparent glaae orer uaderglaxe blue decora¬ 
tion; slxcbnrncter mark of the ns1^n-t4 period <1420-1435) In under- 
stase blue inf>Ede be I tom* 0.12ft x 6.2ft6 (dlamcier), 

4SM- CblncMt Ming dynasty (A. D. 130S-1G44), X+arge Jar of heaTUy potted 
white poreelaln* transparent glaso oi-er underglaio blue deconitEan; iwa 
Mhon characters Included In design ; slx^aracter mark of the Chla-chlng 
period (152£“25eT) in nndeiglazo blue on neck. 0.531 x 0522 (diameter). 

45.39- 

45.40. Chinese, Cli'lng dynasty (A, D. 1014-1913), Pair of small bottles with 
sEx^lobed Isidles and slender cylindrical necks; white porcelain cov¬ 
ered with iran^rent gla^c very faintly hluLsb |a cast; decorated In 
□□dergtase bine and ovCT^laxe enamels; Gl-X-cbamcter mark of the Yting- 
cb^ng period (1723-1736) la anderglaxa blue on bases, 45.30; O.iOl x 
0JD55; 45.40: 0.105 x aim 




Plate 1 



4.lAt 

A rMnl Uddilaoll to the CoMcclIoii of ihc Freer Gallery of An. 


!SlccKWr^K lUfurtf 1^.— 


PLATE 2 



4^^:t 





Recent rnddiiLan^ IQ ibc collcctian of the Freer Gailery of Art. 
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^e,l, Chine*?. Rude fljTiastr (A. D, W3C^-12T9^. Tall Tose with corer; BOUthern 
£udn WB«; fine giny day, thinly potted, glassy blulsb fTeen-Eray Elaac, 
lightly cratkledj decctatcd with fiuiiine* In higU teltei: two tigers, two 
humnri figure* on shoulder; doud form with a ctmraeter tnrlsed under 
the gl(L»> on necki bird flnlnl and doud fonua on cover. 0,33S x 0.133. 
46,0. Chinese. Ch'ioe dynasty (J- D. 104+-1O1S). Cotepound TB«e formed of a 
central vase areuud which fiv« similar forma are Attached with internal 
CfflBmit&lcotion: fine white poredaln. very lale-gTeen tramsparemt glnso; 
decoration with alTp in low relief under gjaae; slx-cbarscter mark of the 
Cb'ien-luDg period (l'i30-17efi) la underglase blue on base of central 
vase. 0.165 I 0.140. 

46.a Clitiwse. Siuig dyTtn*! y (A. D. GCft-lYTO). Vnae. Ew* p-eV ion celadon, hottlfr 
Ehaped with tell cyllmlrkal neck irarrouiidrd by (tnt horliontal flange 
rlog; One-graloed Ught-Ersy porcelain, reddish brown at foot rim! thick, 
opaque gruy^recn celadon glaxe Blled with mlndte bubhUfl. O.lCfli 0.d72. 

The Tvork uf the staff members has been dcToted to the study of new 
accessions, of objects submitted for pureliass, ftiid to general research 
work within the collections of Chinese, Japanese, Arabic, Persian, and 
Indian materials. The preparation of materials for publication and 
the revision of earlier work has continued, Bepoits, oral or written, 
were made upon 1,612 objects and 408 reproductions of objects sub¬ 
mitted for esamination by their owners, and 1S2 oriental langiiage 
inscriptions were translated. Docent service and public lectures given 
by staff members are listed below. 


REPAIRS TO THE OOLIlECrnONfl 


A total of 35 objects were repaired, or remounted, as follows: 


Chinese palnUngB retiwuntcd- 

Korean painting 



Jnp£iiiG&« palnUng^ remounted--- 

Chinese painting repnlrtiL.—---- 

Chinese album co^cra reimlml and remade,-^—— 

Arabic painting repaired-—^— 

PerBlau paSatin^ repaired—--- 

Clilnese teslHoa repaired-^—^——--- 

Chinese lacquer repaired—- ^ 

Chinese Jndea repaired—— --—-- 

Chinese bnjuice repaired-—-- 

Chinese pottery repaired-™---- — - — 

Chined atone seolpture repo i red——--- 

Porslan pottery repaired---—— 

Arabic nuimiscrlpt moiitited-—-— 

WMBtScr Uthogrnpli repaired——~——- 



9 

2 

2 

1 

fa 

1 

2 

2 

1 

2 

1 

A 

1 

1 

1 

1 
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Cl^A^‘0£^ m H3CTIl£mONS 

Changes in exhibitions totaled as follows: 


Chinese flria: 

Bamboo cerrine-____ _ ______— 4 

Brdiii2e __ _ _—_-143 

BronsK and gold-- - ----—4 

Bronze ami jade_______-- 1® 

Golil________2 

Cold and IroDw,------—— 4 

JiKiG._^_______183 

Marble carving ._____-____ 3 

Pa iftt In^, ---- ---— -- -- 03 

Silver and oRver gUt_-_______ 2S 

Weed sealptare----_--- 0 

Japanese arts: 

Lacqtier .. . -. _ _ ___^___ 11 

Pa Knt I Qg______________ __ 42 

Fotterj-—— __—____ S0 

Knfeaa arts: 

Pot _ _ _ __ __^ __.__^__^ ___10 


ATTENDANCE 

The Gallery was open to the public from 9 to 4; 30 erery day except 
Christmas Day* The total number of vUitors to come iu the main 
entrance was 9Tj822* The weekday total was 65,311, and the Sunday 
total was 62,511* The average weekday attendance was 203, the aver¬ 
age Sunday attendance 026, The highest montlily attendance was in 
JunCj with 10,454 visitors; the lowest in December, with 3,874 visitors. 

There w^ere 1,625 visitors to the main office during the year; the pur- 
poses of their visits were as follows: 


For genera] Snfonnatjcin_ _ _______ 1,074 

To sea NtafE members___ _ ____-_ _ 1T4 

To read La the Ubrory.^---—__ _ __ 101 

To make Efaetrh'iifi and LratEnps fnjin library books._ __ 6 

To pee building and tastiinatlDim..^_______ 21 

To make phtttofirnpbs, akeLebei^ Hc-t In courts-__ _ 21 

To examine^ borrow, or purobaso pbotogruph.^ uMd slides^._ _ R24 

To sobmlE ubjeets for examination____ _ _ 054 

To see objects In sinmce: 

IVdiirAffr^foA J/nnutorjpla __ ____ ___ e3 

Far Eastern psi lot Inga and textUes,.____ _ 4T 

Keur Eastern palatinga and ruacLuscripta____23 

TJbetan pa Id Lings_____ _ _____ £ 

Indldn putntLnlp! and mannscrlpta___ _ _^ 10 

American pain tings. _ _ . . _ , ^ _ ^2 

Whistler prints- __ __ ___ E 
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To *ee objects In storage—Contlntied- 

ClrlenULl pottcrji jade, bnins^, laciiner^ bamboo^ 

Gold treasure and Bjiantinu objocta-—-— 

All; scutiitTiro ——----- 

SyrliiQ and other giaS3_,-— - -- 

tK>CP.NT 6ERVICE, LECTTLlUCSj SlEETLSUS 

By request, U groups met in the ealiibitbn galleries for iDstructioQ 
by staff members* Total atUjudancej £2S. 

Mrs* U^Iton, libmriaHj gaTO three talks on indesing before the 
editors and Indexers of the Dewey Decimal Classifitation System at 
the Library of Congress, October 23,26,30,1M5* 

The Freer Gallery of Art auditorium was used for two meetings as 
follows: 

Juntiorj 12, JSM®—T1 m» E^ 9 t-We«t la^ltnte for Ubrarlaas. AttGndance— 25^ 

The Dir^tor of the Gallery opened tlie meetbg with a brief address 
of Tveleome- 

MujISh Tecbaleal Section of tbo Ainciican Aasocintloti 

of Slttseuma. Atleudaoce—--——^ 

Members of the staff traveled outside of Washington for profes' 
slonal purposes as follows: 

November l3^ie» Mr. Wenlcj esai&Eac4 objects at rarioua deulers In New 

York and ouended an evening meeting a£ the trm$teee 
of the Textile Museum of WaBlilngtam 

December IS. IMS__ ME&t Guest alaJ Dr. Ktllnghnaseii spent tbe dar fit ibc 

Wallers Art Gallery In Baltimore Btndjlng Nenr fiaaC' 
era colliJCtions. 

February i; ISHCl- _ Guest spent the day at the University Museum tn 

FbiladelpKkln Btudylng Near DnEtem mnnuscrlrta. 

March IS, 1946*-,_Mr. Wenlcy spt^ot the daj at Princeton University ftt- 

tcDdlug a meeting with ProfoBsor Rowley rcgordlng 
Friucoton Galverslty Blcentcnutab April IMT 

AprU 17-1S^ 1940*-^_Dr. Eltlnghcusen at PrlbCCtmi UnlvetsUty lo bcq Prof. 

Ernst Her^Cld regarding gifL of the Uerateld Archive 
to the Smltb^tan Inmltutlaa for deposit in, and 
under the direction of, tlic Freer Oallery of Art. 

May Sl-Jaae 24 ^ lW6-w-, Dr. EttJn^bauscn at Uiilvcrgitj of Mleblgan, Ann Arbon 

to do editorial work on Am Ldamica. 

June 12-14,Mra. Uallton attended annual contentloa of Special 

Llbrarl^ Association Ln Boston. 

PERSONNEL 

Isabel I. Mayer was appointed assistant in research Au^t L 
William B. B. Acker reported for duty December 3, as associate in 
languages, after serving with the Office of War Information since 
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December 31, 1042. E, Harriet Eink repotted for duty as clerk- 
stenographer (CAP—5), Mareb 18, after cotupletiou of her duties 
as staff aid with the American Bed Cross oTerseas. John A. Pope im¬ 
ported for duty April 22, as associate in research, after completion of 
his duties as captain, United States Marine Coi-ps Eeserve. Grace 
Dunham Guest, Assistant Director, retired June 30^ In recognition 
of her 26 years of outstanding service, she has been given the honorary 
title of Freer Gallery of Art research associate. 

Respectfully submitted- 

A> G. Weniet, Director^ 

Dj* A, Wetmoee, 

Secretary^ SmUhsonian ImtitutiOTi^ 


APPENDIX 5 

BEPOET OX THE BUEEAU OF AIIERICAK ETHNOLOGY 

Sm: I havo the honor to submit the following report on ihe held 
researches, oBlce work, and other operations of the Bureau of Ameii’ 
can Etlinologj during the flscnl year ended Juno SO, IIMO, conducted 
in accordance with the act of Congress of Juno 27, 1944, which pro¬ 
vides “• • • for continuing ethnological researches among tho 

American Indians and the natives of Hawaii and the eicavation and 
preservation of archeologic remains. * • *” 

sreTEitATio neaEAncires 

Dr. M. Vf. Stirling, Chief of the Bureau, left Washington Januai7 
(t, 1946, in order to continue work on the Smithsonian Institution- 
Xational Geographic Society arclieological project in southern Mex¬ 
ico. From the latter part of January until the middle of April, arche¬ 
ological excavations were conducted at the site of San X/>renzo on the 
Kfo Chiqnito in southern VeracruK. This was the site discov^d by 
Dr. Stirling tho preceding year at the conclusion of the work in Chi¬ 
apas. During the season's work just concluded a map of the site was 
completed, several of the mounds were cross-sectioned, and a number 
of stratigraphic trenches dug. 

During the course of the work 24 stone monuments were located, in¬ 
cluding 5 colossal heads of La Ventn type, and 2 table-top altars. 
In addition, there were a number of miECellaneous monuments rep re¬ 
senting jaguars and seated figures, both human and anthropomorphic, 
Tlie collections made during the course of the work, after inspection 
in Mexico City, were slilpped to Washington. During the period of 
this work, Dr. Stirling was assisted in the field by Dr. Philip Druckcr. 

Dr, Stirling returned to Washington on May 9. 

DuriDg tbe fiscal] year Dr. Frank II. H. Roberta, Jr.^ Assistant 
read and corrected page proof for the article, ‘‘The Xew World 
Paleo-Indian,’* which was printed in the general appendix to the 
Annual Report of the Smithsonian Institiition for 1944. He prepared 
an article, "Prehistoric Peoples of Colorado ” to be used as one chap¬ 
ter in a forthcoming history of Colorado which is being published by 
the State Historical Society of Colorado, and another article, “One 
Hundred Years of Smithsonian Anthropology,” to be published in 

05 
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Science. In iidditlon he wrote two book reviews for tmthropolofjical 
journals, annotated six books for the United States Quarterly Book 
List, and worked on tlie fijiai report on tiie investigations at the Lin- 
denmeier-Folsom site. 

On the basis of information obtained through correspondence with 
various members of the Virginia Archeological Society and fj’om a 
lUTiew of tite literature on Virginia, Di“. Roberts prepared a atate- 
iticnt for liie National Park Service, Region 1, on the archeological 
sites that would be inundated by the construction of dams and reser. 
Toil's in the James River Basin, beginning at Richmond and continu¬ 
ing up the main stream and its larger tributaries to the foot of the 
mountains. He also carried on extensive correspondence in conneo 
tlon,with the agreement between the National Park Service and the 
Smithsonian Institution relative to archeological work in river basins 
where flood-control dams and irrigation projects will result in the 
flooding and loss of important archeological sites. This included 
pFelimitiary plans for work in the ISfissouri Basin and suggestions 
and advice on tlie situation in the Rtowah and Savannah River Val¬ 
ley'S in Georgia, the Warrior River in Alabama, the Neches, Trinity, 
and Brazos Rivers in Texas, the Arkansas River and its tributaries 
in Arkansas and Oklahoma, and the Sacramento, Amencan, Kings, 
ami Kem Rivers in Californio. This entailed tJie writing of many 
letters to local people in the various areas seeking information about 
the existence of sites and Uie checking of the litevature for additional 
information. In Octolier Dr. Roberts was designated as director in 
charge of the archeological surveys and excavations to lie conducted 
under the administration of the Smithsonian Institution in coopera¬ 
tion with the National Park Service, the Corps of En^neers, and the 
Bureau of Reclamation. In this cbimection he assisted officials of 
the National Park Service in preparing estimates imd justifications for 
^pplemental funds for 1946 and the funds for 194:7 archeological work 
in the ilissouri Basin, 

Dr. Roberts also served as the general department representative on 
the Efficiency Rating Board of Review for the Smithsonian Institu 
tion, taking part in three hearings. In relation to this he attended 
two Civil Service Commission Institutes of Efficiency Rating Boards 
of Review and six sessions of the Interagency Con ference on Tiaiining 
Aids and on Orientation^ ® 

On April 13 and 13,1946, Dr. Roberts represented the Smithsonian 
Institution at the final con^wation and other exercises of the .sesqui- 
Mntennml eelebr.ation of the University of North Carolina at Chapel 

Hill. During tho year he also served on various committees for the 
Institution. 
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From July 1945, tu Jiuie 30, 1940^ Dr. Roberts served m vice 
chairman of the division of anthropology and psychology of Lite 
National Research ConneiL 

During the absences of the Cluef, Dr. Roberts was Acting Chief of 
the Bureau. 

Dr. John P. Harrington, ethnologist, spent the early part of the 
fiscal year in Washingtonj D. C., where he pitxlncecl a Kiowa graniniar 
of 405 manuscript pages and wrote 8 articles for scientific periodicals. 
During part of Lliis period he was still engaged in work for the Bureau 
of Censorship. 

Dr. Harrington left Washington February 11^ for Clovis, 
N. Mei. There be interviewed Mr. Scheurich, grandson of Governor 
Bent, New Mexico's first Governor, and about 80 years of age. From 
Clovis, Dr. Harrington went directly to Gallup, K. Mei*, where he con¬ 
tinued his studies of Kavaho phonetics. From Gallup ho went to 
Albuquerque, N. Mes., where he worked with Mr. Shupla, expert 
speaker of the Hano language, which is related to Tewa. From Al¬ 
buquerque he w-eut to Santa Barbara, Calif., where he continued his 
Chumashan Etudi<!S, and w as engaged in this work at the close of the 
fiscal year. 

Dr. Henry B- Collins* Jr., ethnologist, resumed his research on Es¬ 
kimo archeology, which hud been largely suspended during recent 
years because of his duties as A^istant Director^ and later Director, 
of the Ethnogeographic Board. On December 31,1945, tlic Btsurd was 
formally dissolved, but on decision of the spcmsorliig agencies—the 
three research councils and the Smitlisonian Institution — ^Dr. CoUins 
continued operation of the office for an additional 6 months. The his- 
tory of the Ethnogeographic Board, written by Dr^ Wendell C. Ben¬ 
nett, w'as prepared for publication, and a Board project for a survey 
of wartime Gaveniment dcxiunieiita was begun January 1, 1046, under 
the direction of Dr. Homer G. Barnett, assisted by Walter B, Green¬ 
wood. The repoil on I his project has been piepared by Dr* Barnett 
and will be published, with bibliography, in the near future. 

Dr. Collins attended several meetings of tho Board of Governors of 
the Arctic Institute of North Americn in Montreal, and contributed 
the section on anthropology for Progi^m of Desirable Scientific 
Investigations in Arctic North America,^’ issued as Bulletin No. I of 
the Arctic Institute. Several book reviews w^ere also prepared for tlie 
United States Quarterly Book List and other scientific jouniab. 

As a member of the Committee on International Cooperation in 
Antliropology of the National Research Council, Br. CoIUns assembled 
from committee records and other sources infortnation on the activi¬ 
ties of antliropological societies, universities, and museums in Scan-^ 
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dinaviit during the war. This was published in the American An¬ 
thropologist under the title “Anthropology During tlie War; Scan¬ 
dinavia,*' 

During the month of July 1945, Dr. 'William X. Fenton was en¬ 
gaged in a study of place names and related activities of tlie Com- 
plonter Senecas. When completed, this series, on which M. H. Dear- 
dorff of 'Warren, Pa., and C. E. Congdon of Salamanca, X. Y., have 
collaborated, will comprise the Indian names of places throughout 
tlie va]le3' of the Allegheny £iver. Another problem on which work 
was continued was the documenting and description of the Condo¬ 
lence Council for installing chiefs in the Iroquois League, the study 
of which the late J. X. B. Hewitt had commenced a generation ago. 
Having collected tlie sacred songs and ritual chants of this ceremony 
for the Library of Congress in the spring, Dr. Fenton returned to 
the Six Nations Beserve on October 39,1!)45, in the Becording Lab¬ 
oratory sound truck for the purpose of making a docunicntivry him. 
Dr. Fenton was ini-ited to ait in on the rehearsals and attend the instal¬ 
lation of two Cayuga chiefs on Xovember 20, 1945. The family of 
one of the candidates, Chief John Hardy Gibson, has served American 
ethnology for two generations, and with the help of Howard Skye 
and the cooperation of the chiefs, a complete transcript of the proceed¬ 
ings of the Condolence CouncD among the Canadian li'oquois was 
prepared and published for the first time since Horatio Hale’s ac¬ 
count in the last oentuiy. This material, wTitteii up on returning 
from the field, became the body of an illustrated lecture on “The Six 
Xations of Canada,” which Dr. Fenton was invited to deliver before 
the Boyal Canadian Institute of Toronto, January 12, 1946. In the 
field, Eniest Dodge, of the Pvabody Museum of Salem, collaborated 
in recording some rare Iroquois flute music from James 'Wliite, Onon¬ 
daga of Sis Nations. In addition, a complete performance of the 
Dark Dance Bite of the Little People was recorded with EU Jacob, 
Cayuga of Sour Springs, as leading singer. Simitar recordings were 
made of the Death Feast ritual in the spring, and from Howard Skye, 
an oOicial of the ceremony, Dr. h'enton obtained a fairly complete 
account of the fall celebration. The same informant helped translate 
a Cayuga text of the Tutelo Migration Legend, collected by Hewitt. 
Beturning by way of Allegany Beaer^'dtion, near Salamanca, N. Y., 
material for a second album of Iroquois songs was collected from 
singers at Ooldspring Longhouso. Christian hymns in Seneca were 
recorded near West Salamanca to extend coverage of hymn ringing 
already collected in Mohawk and Oneida. Acknowledgment is due 
the Viking Fund of New York for support of this field work. 

An outstanding event in Iroquois studies was the organization «nd 
conduct of the First Coiiferenco on Iroquois Bescarch, held October 
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2C-28 at the Alleganj State Park, S'. T. Discu^ioas wore deyoted 
to ethnology, linguistics, and archeology vith reference to the Lower 
Great Lakes area. The procee<ling5 of the conference, written by Dr. 
Fenton, were distributed to the 20 persons in attendance and to others 
interested. Dr. Fenton 8ttende<l a similar conierCDca on the pre- 
history of eastern New York and New England, held February 22, 
1946, at the New York State Museum, Albany. 

**Area Studies in American Universities’’ reclaimed D. Fenton’s 
attention, when the Commission on Implications of Armed Services 
Educational Programs, of tho American Council on Education, re¬ 
quested him to prepare a report for publication on the Ethnogeo- 
graphic Board’s Survey of the Foreign Area and Language Train¬ 
ing Programs of the ASTP and the Civil Affairs Training Schools 
during 1943-^. The manuscript for the final report, totaling some 
180 pages, was virtually completed at the close of the fiscal year. 
Completion of this report coincided with tho end of the Ethnogeo- 
graphic Board and discharged a final obligation to that wartime 
activity. 

The following publications by Dr, Fenton appeared durmg the year: 

Place nacQCB eni reJotod nctlvld-ea df tbe O^planter ^oecas 
Yonla Arc!haedlog;tst> l 

III, Biirut-houfle at Complanter Grant, toL 15, No, 3, pfi. eS-SML 

IV, CPmpUnter peak to Warren, voU 15, No. 4 , pp, lOS-IlS, 

V, The Path to CoiipwaDgo, yoL 1 % No, 2, pp- 42-55, 

(WEth N. B. Hewitt) Some mnemonic plcto^raphs relating to the IroiiTints 
Oondoteace ComteU fJonrDaL of the WashlE^on Academj of Sciences^ 
toL S5, No. la O^tolfer 15^ ISMflv 1^. 301-315). 

Ab IrOdHOis Condolence Council ff»r In^tullilng cblefn in 1045 f Journal 

of the Washington AetLdemy of ^leucesi toL No. 4, April 15, 1046: 
11CK127), 

Dr. Philip Dnickor^ anthropologist, resumed his duties at the Bu- 
reau of American Ethnology on December 17, 1945, after release to in¬ 
active duty by the Navy. He departed almost Immediately for Me^cico 
to assemble equipment, set up camp, and make preparations for exca¬ 
vating a site in southeastern Veracruz, San Lorenzo, that bad been 
selected by Dr. M. W. Stirling, Chief of the Bureau, for this season’s 
work by the National Geographic Society-Smithsonian Institution 
cooperative expedition. On Dr. Stirling’s arrival, in the latter part 
of January, Dr. Drucker remained as bis assistant. Intensive exca- 
vatiODS were carried out in various mounds and other features of the 
site, and numerous stone monuments, including altars, statues, and 
tremendous monolithic heads of “Olmec” or Venta” type were 
found. Wliile Dr. Stirling occupied himfielf with a study of the 
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mDimment^Y Dr. Drucker irmde tests to locate an oceupadonal zone, 
and dug a deep stratigraphic trench to ootain ceramic materials to 
define the cultare horizon to which the monuments belong. The 
material from thc^se investigations will be of inestimable value in 
lying in Ihe monuments with those of Tres Zapotes and La Vcntaj and 
defining the ancient '‘^Olmec^ culture. 

Following the close of the espedition''3 camp in mid^April, Dr. 
Drucker praceeded to the neighboring state of Chiapas to carry out 
reconnaissance planned to supplement that done by Dr. Stirling the 
previous year* He was able to locate a number of caves containing 
offerings or caches of pottery vessels from pre-^Spanish times, and 
made collections winch were shipped to llexico City for ultimate 
shipment to Washington* In addition to the caves, a number of 
extensive village sites were discovered which contained not only 
remains of stone houses but also ball courts and giient ceremonial 
structures of masonry. 

On Hay 21 Dr* Drucker proceeded to llesico City where the San 
Lorenzo and Chiapas collections were inspected fay officers of the 
Museo N'acional de filcxico, and where, through the courtesy of those 
officers, permission was obtained to ship the collections to Washington 
for study and for preparation of reports for publication. Wlnle the 
shipping permit was going through necessary channels, Dr. Drucker 
availed hin^lf of the opportunity of studying ceramic and jade col¬ 
lections in the JIiLseo Nacional, and to visit sites in the central highland 
where important discoveries liave been made in i^ent years, such as 
Tula, in the state of Hidalgo, and Xochicalco, in Jlorelos. At the end 
of the fiscal year he was completing preparations to return to 
Wa^shingtoa. 

During the month of July 1945 Dr* Gordon Willey, anthropologist, 
w‘os entirely occupied in completing a 50,OCK)^word manuscript en¬ 
titled “Excavations in Srjutheast Florida*” Tliis paper will make 
available tlie results of the archeological field program carried out 
in south Florida in 1933-36 by the liureau of American Ethnology in 
con junction with the State of Florida. 

From August 1945 to February 1946 Dn Willey was primarily 
engaged in editorial work on the final volumes of the Handbook of 
South American Indians. The fifth and last volume of this work 
was submitted to the editor of the Bureau at tlie end of February, 
with the exception of part 3, ^‘The languages of South America,” 
which is being prepared by Dr. J. Alden l^lason. During this period 
a 25,000-word article on South American ceramics was prepared for 
inclusion in the Handbook, and a 3,000-word article on the archeology 
of the Argentiiic pampas wag prepared to be published as part of a 
Yale University symposium on Argentine archeology. 
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DuriDg tlie early part of 1046 Dr, Willey also assisted Dr. Roberts 
in preparing preliminary plans for the Federal Valley Antliority 
archeological program. 

In February a brief survey trip was made to Georgia on the pro¬ 
posed Ailfltoona River control project. 

From Martsh until June Dr. Willey was engaged in conducting 
ardieologieal field work in the Yiru V^alley in northern Petiij for a pro¬ 
posed study of prehiatoric settlement patterns in the valley. At the 
close of the fiscal year Dr. Willey was still engaged in this field work 

INSTITUTE OT SOCIAX, A^rmROPOLOOT 

The Institute of Social Anthropolgy was created in 1&43 as an 
autonomous unit of the Bureau of American Ethnology, to carry out 
cooperative training in anthropological teadiing and research with the 
other American republics. As the Director, Dr, Julian H. Steward, 
was instructed in the official order establishing the Institute to report 
to the Secretary of the Smithsonian Institution; there is presented 
here hk report to Seci'clary Wetmore, 

Washington —The Institute of Social Anthropology, carrying 

out a program of cultural and scientific cooperation with the American 
republics under a grant of $77,351 transferred from the Department 
of State, continued under the directorship of Dr. Julian H. Siewaid. 
Miss Ethelwyn Carter served as secretaiy tliroughout the year, 

Mexico .—In Mexico the Institute was represented by Dr. George M, 
Foster, Jr^, anthropologist, in charge of the work; by Dr, Stanley S- 
Newinan, linguist; and by Dn Robert C. West, cultural geographer, 
who joined the staff in February I94fi, when Dr^ Donald Brand j^esigned 
to resume his teaching duties at the University of Xew ilesico. 

Since cooperation with the Escuela Nacional de Anthropologfii began 
in June ll>44, 15 university courses in anthropology, geography, and 
linguistics htive been given, attended by more than 100 individual 
students. Total enrollment in all cour^ has (UEcceded 150, Because 
of the international nature of the Escuela, it has been possible to reach 
students from countries other than Mexico, including Haiti, Guate¬ 
mala, Costa Rica, Panama, Colombia, Spain, France, Canada, and the 
United States, lu both courses and field work, students have had an 
opportunity to learn American techniques, methodology, and, above all, 
ideab of scholarship, 

Basic field reasearcb on the important Taroscan population of 
Michoaciin has been conducted. Institute staff members have put 24 
man-months, and the seven participating students 55 man-mouths, into 
this research- The field work of the Institutci in conjunction with 
previous studies, has resulted in the most complete body of cultural 
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djitfl available on aiij comparable area in Latin America. One larg^ 
monograph on the Tarescan area has already been published^ and three 
more will follow in 1947. Six student papers of from 100 to 200 
manuscript pages are also being prepared for publication in Spanish 
by the Escnela. 

F. Webster IfcBryde^ cnltural geographer^ was assigned 
in Septembi^r 1045 to take charge of the Institute work in Peru. 
Harry Tachopik, Jr., continued his work in Peru throughout the yean 

The accomplishments can be shown best by a r&um^ of the work since 
it began early in 1944. At thia time, Peru had no institution devoted 
essentially to social science teaching and research, and its geographical 
society was requesting advice from the United States about its pro¬ 
posed reorganization. The cooperation of the Institute has helped 
tlie llinislry of Education of Peru to establish a well-financed national 
center of social science, the Instituto do Estudios Etnoldgicos. The 
Instituto, dedicated to teaching, research, and publication, is a most 
important development, because for the first lime Pern can obtain 
scientific information on her native peoples, who are the predominant 
element in her contemporary population. The staff of the Peruvian 
ofilce of the Institute of Social Anthropology has given lectures at the 
Universities of Cuzco and Trujillo, and courses in geography and an¬ 
thropology arc planned for the Institute, thus enabling Peruvian stu¬ 
dents to obtain training in United States techniques of social science. 
Dr, ilcBiyde has helped in the reorganization of the geographical 
society and has advised on changes in the geography curriculum in 
San Marcos University in Lima. 

The Institute staff has carried out extensive research among Peru- 
via4i coastal and central highland communities. Tim latter project, 
done in cooperation with three Peruvian scientists, involved SB man- 
montlis and included 30 different communities, Tlie data will bo 
piiblislied in both Spanish and English in several monographs, two of 
which already are in press. They not only represent significant con¬ 
tributions to knowledge on heretofore little-known groups, hut also 
will be very useful to Peruvian authorities interested in such practical 
problem as that of obtaining laborers for tlie high Andean mines 
and thjit of colonizing sparsely populated areas of eastern Peru, a 
matter of prime importance to the agricultiiml experimental stations. 
At the request of the Peruvian-Bolivian educational commission, a 
sun^ey vs-ill be made of the settlement patterns of the altiplano to 
provide a basis for the establiidimcnt of runil schools. 

The importance of these research results has been acknowledged and 
stressed by the Minister of Education in a speech before the Peruvian 
Congress^ 
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Brazil ,— Cooperation with the Escola Livre da Sooiologia e Politica 
began October 1, 1045, when Dr. Donald Pierson was assigned as rep* 
rescntati%'e of the Institute of Social Anthropology to Brazil. In 
February 1946^ Dr. Kalervo Oberg was assigned ns euUura) anthro¬ 
pologist to cooperate with the Fscola t^irre. 

In effect, the Institute has taken over and expanded a program 
which was begun nnder Dr. Pierson in 1940 and which has helped 
make the ISsooIa liivre one of the most important social science centers 
in South America. Seven courses in sociology and anthropology are 
now being given by the Institute staff. Students in the social science 
major have increased from 5 in 1045 to 24 in 1946. Tlie first masters 
degrees in social science were given in February 1940, IVith the help 
of the Institute staff, it has been possible to increase tho undergraduate 
curriculum from 3 to 4 years, n very distinct educational g)iin. 

Institute staff members iiave continued to guide the program of 
translating 200 articles and 13 books from English into Portuguese. 
This work, financed by outside funds, is of great importance as an aid 
to teaching. 

Field research to be started tills year will meet the outstanding 
need of Bniailiaii students, namely, intensive training in field methods 
through their application. The research results will be jiublished 
in English and Portuguese. Surveys in Matto Grosso and rural areas 
near Sao Paulo have already been carried out by Institute staff mem¬ 
ber and students, 

Pvbli^atiOTU , — ^Publication Ko. 2, “Cherin: A Sierra Tarascan Vil¬ 
lage,’* by B. L. Beals, was issued during the year. Publication No. 3, 
“Moche, a Peruvian Coastal Community,” by John Gill in, and Pub¬ 
lication No. 4, “Cultural and Historical Geography of Southwest 
Guatemala,” by Felix Webster McBiyde, were received in proof. 
Publication No. 5, “Highland Communities of Central Peru: A Ke- 
gional Survey,” by Harry Tschopik, Jr,, was seut to the printer. 
Publication No. 6,“Empire’s Children: Tziiitauntzan end its People,” 
by George M. Foster, Jr., was contracted for by a printer in Mexico. 
Mrs. Eloise B, Edelen, of the editorial staff of the Bureau of Ameri¬ 
can Ethnology, did the editorial work on tijese publications. 

Uandbook of Soiiik American Imdiam . — No grant from the De¬ 
partment of State for cooperation with the Anicrican republics was 
requested for the Handbook during the fiscal year 1946. The final prep¬ 
aration of the tnauuscript and clerical wmrk pertaining to the Hand¬ 
book was undertaken by the Wasliiiigton office of the Institute of 
Social Anthropology, with the assistance of Dr. Gordon ^Villey, of 
the Bureau of American Ethnology. 
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VoluQie 1, Tb« Marginal Tribes, and Tolnme 2, The Auden q Cirili- 
zations, were issued in June 1^46. In addition to the usual edition 
of 3j500 distributed by the Bureau of American Ethnology, the Do- 
paitJnent of State ordered 600 copies for distribution through its 
embassies in Latin American countries, and the Superintendent of 
Documents ordered 1,000 for sale. Volume 3, The Tropical Forest 
Tribes, and volume 4, The Circum-Caribbean Tribes, were received 
in giilJey proof With the exception of the linguistic seed on, volume 
5, The Comparative Anthropology of South American Indians, was 
completed and submitted to the editor of the Bureau of American 
Ethnology for the final editing. 

During the fiscal year, the Interdepartmental Couimittee on Scien¬ 
tific and Cultural Cooperation of the Departtnent of State gran ted 
the Bureuti of American Ethnology $15^000 toward the cost of pub¬ 
lishing the Handbook. 

SPECIAL KES^AECtTES 

Miss Frances Dcusmore, a collaborator of the Bureau, prepared 
for publication a paper entitled *^Music of the Alabama Texas.” 
In this tribe, Miss Densmore found that only ordinary dance songs 
remaiup 

She also submitted her complete bibliography covering 50 years of 
study of American Indian music and a paper entitled “Prelude to 
the Study of Indian Musk in ifiiinesota.” Another long paper was 
completed on the sub|ecf “Distribution of Certain Peculiarities m 
Indian Songs.^ This paper is illustrated with a number of distribu¬ 
tion maps. 

EDITORIAL WORK AND FUDIJCATIONS 

The editorial work of the Bureau continued during tlie year under 
the immediate direction of the editor, M. Helen Palmerp Tliere were 
issued one Annual Report and one Bulletin, listed below; also two 
volumes of a five-volume Bulletin, and one publication of the Institute 
of Social Antliropology. 

Rtactr’aeccad Annaal I^eport of tbe Barcau of Ametlcaa EUmoIoeyt ItHi-lMS. 

tpp. 

DulLetlcL 1ST. The fecHufts ot tte SonOaeoBtem UnUed Stitea, hj Jolm E. 

SwantuD. 643 lOd pls.^ 5 -£3 

The folk wing publications were in press at the close of the fiscal 
year: 

BdUclLd 14a, HuDdbook of South Aaierieszi India ua JuIIaq B. SEewatU, 
editor. VoIujub 3: The Tropical Forest Tribes Volame 4: The Clrcnm-CBrib- 
beuD Trlbc& 
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lojititate of Social AfltJirapoTog:^ Publ No, 3, UoQbp, a Ptnivlan Gotstal 
CommonllrT ^7 Joba CilUn. 

loatitDte of SodDl AoLbropolo^r PubL No. 4. Coltu^ fitid htislorlcol gooerapb^ 
of Sourhn'^t GuateiMala, by FelU Wobaior IhIcBrydo. 

lo^tltuto uf Social Aathropolo^ PubL No. 5. Highland Commimitlcs of Oea- 
tra] Peru: A ro^lonal Burrej^ by narry Tschopl^, Jr* 

PublicAtiona distributed totaled 13,730. As compared with tho 
fiscal year I944r45s this was an increase of 1,1G0- 

In addition to the regular Bureau work, tlie editorial staff conducted 
the editorial work on the publications of the Institute of Social 
Anthropology, 

LIDEAltT 

There has been no change in the library staff during the fiscal year. 
Accessions during the year totaled 109, There has been a marked 
falling off in the number of gifts to the library, doubtless due to the 
disturbed condition of the publishing industry following the end of 
the war. Though there is a slight decrease in e^cchange material in 
the form of books which are entered on the accession book, there has 
been a very great increase in exchange material as a whole. Large 
shipments, covering the period since 1939 or 1940 to date, have been 
received from many of our exchanges in Europe and other parts of 
the world. JIany of onr sets have thus been brought up to date 
without inquiry on our part. 

The routine of accessioning and cataloging new material baa been 
kept up to date* A small amount of work has been possible, also, on 
analytical entries for periodical material It is hoped that this work 
will soon be brought up to date. 

ILLUSTRATIDNB 

E* G. Cassedy, illustrator, spent most of his time from July 1945 
through April 1946 on art work for the Old Apothecary Shop, a new 
exhibit in the National JIuseum. Other work of routine nature was 
done for the Handbook of South American Indians and for other 
branchee of the Institution. 

AEOinVEQ 

Miss Mae W, Tucker continued her work of operutini' and cata¬ 
loging the manuscript and photographic arcliives of the Bureau. In 
addition to furnishing material for routine requests for photographs 
and manuscripts, many qualitied visitors were receired and furnished 
with materials or working facilities. 

Tlio Mohawk Dictionary, copied by Mrs. Erminnie Smith from 
records in Canada, was alphabetized and filed for more ready refer- 
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enc«* A aumbcr of Llie Iroquomn vocabularies collected by Mrs. Smith 
and J. N. B. Hewitt and recorded in the Powell Outline volumes were 
copied on cards and filed for more convenient reference. The num¬ 
ber of th^e cards so far completed is approximately 7,500, Personal 
and place names numbering about 600 were copied from New York 
State historical documents and placed in the card catalog. The Nez 
PercS dictionary compiled by Miss S. L. McBeth was copied on cords 
from the original manuscript in the Bureau collectioiu These cards 
number about 2,000. 

Early in 1946 preparation was begun for a catalog of the unpub¬ 
lished msnscript muterial in the Bureau archives, to be published for 
distribution. In order to insuin as acenrate a catalog as possible the 
material is being cheeked piece by piece and listed on memorandmn 
sheets for the final typing. 

COLLECTIONS 

Collections transferred by the Burean of American Ethnology to 
the Department of Anthropology, United States National Museum, 
during the fiscal year were as follows: 

JTo. 

ITJCfT". One eik-hom qalrt ftem Uie Pawnee iDdiana. Collected about 1S77 
near ColombuSi Ncbr., b 7 Elon J. Lawton, U. I>. 

SnSCELLANEOUS 

During the course of the year information was furnished by mem¬ 
bers of the Bureau staff in reply to numerous inquiries concerning the 
American Indiana of both continents, both post and present. Various 
specimens sent to tiie Bureau were identified and data on them fur¬ 
nished for their owners. 

PersonTwh—'Dr. Philip Druckcr, anthropologist, returned to duty 
from military furlough on December 17,1D4S. Dr, Homer G, Barnett 
reigned December 31,1945. Mrs, Catherine M, Pliillips,clerk-stenog¬ 
rapher, transsferred to the War Department May 21, 1945, and Mrs. 
Jessie S. Shaw was promoted to fill this vacaney effective June 3, ID4&, 
by transfer from the division of ethnology, United States National 
Museum. 

Respectfully submitted. 

M. W. SnuLiKO, Chief. 

Dr. A. Wetkore, 

Se<X€tftry^ Smithioniem Institution, 


APPENDIX 6 

KEPOET ON THE INTEKNATIONAL EXCHANGE SERVICE 


Sib: I have the honor to submit the follovi’ing report on the setiri- 
ties of the International Ezehauge Serrice for the fiscal jear ended 
Juno 30,1946: 

From the appropriation geneml expenses, Smithsonian Institution, 
there -was allocated at the beginning of the year ?28,160 for tlie ci- 
ponses of the Service. After conditions became favorable for the safe 
transmission to some of the countries where exchanges had been 
suspended during the war, the Institution requested and was granted 
a deficiency appropriation of ^7,009. Tills utereased the available 
appropriation to $75,166. As it was not possible to make ^ipments 
to alt the previously suspended countries, the total expenditure amount¬ 
ed to only about $43,080.25. 

The number of packages received for transmission during the year 
was 540,502, an increase over the previous year of 153,744. The weight 
of these packages was 472,229 pounds, an inci'ea.se of 261,139, The 
average weight of the individual package is almost double that of the 
pievious year—an indication that the institutions are shipping some 
of the material held during the war. The material is classified a.s 
shown in the following table: 
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The packages are forwarded partly by mail direct to the addressee 
and partly by freight to the exchange bureaus. The number of boxes 
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shipped abroad was 3,117, an increase of 2,134. Of these boxes, 1^294 
were for depositories of full sets of the United States Government 
documents. Tbe number of packages distributed by mail was 69,833. 

Of the material accumulated at the Institution during the war, 
there remained at tlio beginning of the fiscal year 3,512 boxes. At 
the end of the fiscal year this figure had been iieduced to 1,109. This 
reduction was effected through the resumption of exchang^ with 
certain countries where exchange bad been suspended during the 
war. These countires are indicated in the table below by an asterisk. 

The countries to which consignments are noiv regularly forwarded 
are; 


EASTT.Klf HEtlSnilKE t 

Africa. 

AnsiTnlla. 

*BalRiirU« 

*Q\i\nu. 

•C®ochofitciTAltle+ 

•Denmark. 

•FraDCe 
OiTCJit BrUatn. 

•Grtjeee. 

Iniiln. 

IrelflniL 

WEBTi^rr All eountrtcB ( 

Shipments to other countires 
cable date. 


*Kidtlier1aiidi. 

N€^w Zi^land. 

•Norwaji 

•Polesciue. 

PortugaL 

•SpflliL 

•Sweden^ 

•Switzerland. 

•Sjrla^ 

Unioa of Soviet BoelalUt RcijabUc*, 

L Uae Uolted Slates and her iwascsslona* 
be resumed at tbe earliest practi- 


POHinON DETOSrrOHIEfl OF OO'TiflXaIFNTAL DOCDMEKTS 


Xhe fiumbcr of sets of XJuited Slates officifil publicatioDs received 
to bo soul in return for the official publications sent by foreign govern¬ 
ments for deposit in the Library of Congress is &3 (56 full and 37 
part I n I sots). Tlie depositories^ for China and Italy have been changed 
as indicated in the list. 

DEPosiTaaixa oF rEnx SEru 

AJHiF-T^TiifA: DtrMifin de Investinaclones, Arehlva. BlbHoleca jr Ei 

tranjerop MinlstorSo de BeJadones Kiterlores y Calto, Buenos Alrea 
AchtIeaija: Comnioaweallh Parliament ami Nnllonal Library, Canberra, 

Nrff Kwth Wiixs: Public Library of New Sootb Walia* Sydney^ 

QuEEirtSLAwo: Pnrllameatnry LSbraryv Brisbane. 

goum Acstsatja! PobUc Library o£ Soatb Australia^ Adelaide. 

TasUAiViA: ParJIamontary Library^ Hobart. 

Victoeia: Pabllc Library nf VSciorlat Melbonme. 

WEarfEs Au^trauas Pabltc Library of Western AtialmUa^ Parth. 

BFLcn:^ t Bibllatb^^nc UrpiellM, 

pfiir -Tr.; Tfurtitato Kacloaal do Llrro, Rio de Janeiro. 
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Cajtaiul t lAbniiT <sf Parllfliuent Ottawa. 

: Froviitclfll Lfbmry, WlnDlpe*. 

OKTAHioi Le^loUTe Ltbrary, Tofooto. 

Qu^ec: Ubrarj tuf th^ Legislature of the ProTince of Quebec. 

Civile: BJbUotecfl NBeionftl, Sanilafio^ 

Chisa: Minlsiry of Educntlon^ National Llbmrjrp NanUng, China. 

PviPi?io: NatEounl Ubrary of Palplog, 

Cotouuu: Blbllotecu Nadonal^ Bogtn^ 

CoaTA Itjea; OfSclim de Dopfelio j Canje Internjielonal de PabUcacionsis 
Josd. 

CmJLt MlREstcrlD de Estado, Canje lulemadonal, Hnbatia. 

CZECHOBUIPAKIA: Blbllotb^ue do l^Asseiubl^c Nadonale^ Prague. 

DoiUAAs: Koniolige Danslie Vldcnakabenais Solfikab. Cupeuliagen, 

Earrr : Boraau dos PuLlLcutlon!?^^ Minlat^^ro dea FluaDces, Cabo. 

Estosja: Rllglninmatllkoga (State Library)p TaHlian, 

PiMANO: Purllnmentary library^ HelsIalcL 
France: BibKotb^^ue Nationalet 

Oebuant ; Relchslouschslelle Im HolcSiamiiiHterium fhr Wlsseoscbaft* Erzlehucg 
und VoUisblldnog. BerMa, N. W. t. 

PamuaiA : Freusatsclie StoatBbibllothefc, E^a:llIlp N. W. ?- 
Obcat Bbitl\n: 

ErruLAno: Britiah Mttsemnp Loudon. 

LozfDorw : Loudon ScI^xpI of Ecouotnlcs and Political Science. (Depoeltorj 
of tbe London County GounclL) 

HmvGAiT : Ubrnry, nuugarlau Houae of Delcsataai Budapeat 

I^dia: Imperial Ubrary^ Calcntta^ 

litELAm: National Library of Irt^laud, Dobllu, 

Italt: MLuEetcro della PuMlca Islnislonep Rome. 

Japan : Imperial Library of Japun, I'okyo^ 

Latvia; Bibllutb^que d’StaL 

League Of Nationb: Library of tbe of XatlooSp Gcnern* SwttMrlBufL 

llEsiico; Sccretartn de Relactonea Exteriorea, Uepartamento de Informaetfitt para 
fd Extranjorop Mexico. D. F. 

NETHERLAnofl: Royfil IJbraryp The Haroc* 

New ^iand: Central AMombly Library* WalUijgton. 

Noeriii^^x IfliiANb! H, Stationery Qfflce, FEelfast, 

Korn WAT: TJnlyaraiteta-Blbllothck, O^o. (Depository of the GoTcrmnent of Nor¬ 
way.) 

iTau: SecclOn de Propnganda y PubUcndoaeSi Mlnlslerto de Reladouei Ei- 
terlores, fJtna^ 

PoLAsn: RSbnoihbqite Natlonale, Warsaw, 

FofiTUGAL: Blblioieca NaclonaV Lisbon, 

Rdiiania: Acadfmaln Romflna, Biichnrefrt, 

Spain: Cambio Interuneioual de Publlcaclones, Avenida Cairo Sotelo £0, htaddd. 
SwcDSx: Ktingll(?a RtbliotekPl, Stocbbotim 
S^nmacAJnj: BlblloTbdnno Centralo Borne. 

Ticket: Depanmeut of Prlottne and Engrnfltig, iiinlstiy of Education. 
Istanbul. 

UmoN OF SfUTTH Africa : State Libraryt PretorlBp TmusTaal. 

DunoN OF Bovjirr' SociAiJaT All-Union Le'nlu Librnryp Moscow 11?>- 

UiUAisE s ITcnilnSaii Society fo? Cultural Relatloua with Foreign Countrlost 
Kiev, 
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Vbtopat: Ofidna de CanJ# intQmaclonal de Piibllcsflonea, MoDt&Tidcb, 

; BibEfotDcii Nnejoiml^ CiiniL^s. 

YuiGofiuLTtA: ^Liulst^ne de r^ucatlQiii lielgmdeu 

DI^FOStTDSIE^ or PABTTAIL BEjn 

ATOTlAJCT^Aif; LIbrnry «f the Af^boii ^cniieiayp EnbiiL 

EoLmA: BHsllotec^ dt*l MSnlaterlo rte Helnelchnei Eiterlores y Cnlto* La Pde. 

Bhazil : 

Minas D^^e^^tor^o Corsl e E^atlstlca ein BeHo Hfirlronte. 

Britihb GmANA: GoTernment Office, Georpetown, Demetnra. 

CA ff AllA t 

Albebta: PriOTlficiiil Libnuyp Eclmonton. 

British CoLt^UPlA: ProvEiiclal Jdbrary^ Victoria. 

Ntw Brunswick; IjeelalatlTe Libraryp ¥rederleton, 

Kova Scotia: rrarlocIsL SecretBry of Nota Scotln^ HnlEfnx. 

PixNcE Edward Ihi^itd: LrglslAtLrG and Public library, Charlottetjawn* 
KADicATcptwAs: Leplfl^Btlce Library, ReK^ntr, 

Ceyloif: Gblcf Secretary's Office, Record DepartiaeDt of the Library, CoIoiDbo. 
I>[jiriNickFX lUPuBT.iC: Eibllateeu de la UplTcraldad de Santo Cladnd 

Trujillo, 

EctJAiios: BSbitoteca Nadonal, Quito. 

Guatemala : Blblloteca XaeJonaU God tarpala. 

Haiti T BjbUothiLKiue NaUoniilo, Port-au-Princ& 

HONDCl.vS: 

Bibllotcca y Arcblvo >'nclDan!es, Tcpiclpalpo^ 

Allaij^tarlo de Relaclokie?v Exterlore^t Tei^cEp^Ipa. 

ICP^ND: National Library. ReykJnyEk. 

IlTDlA : 

Bet^oxl : Ubrary, Bengal rjegidature^ ^$emhly House, Calmtts. 

Bihar and Objma; Reveane DeparEmcDt^ Fat no. 

Boubat; Undersecretary to the Governnient of Bombay^ General I>opurt- 
meat, Botabay. 

Burma: Secretary to the Govemment of Barma, Eduentton tSepartmciiL 
RaDgoon. 

Punjab: Chief Secretary to the GoTeriunent of the Ptmjabp Lahore. 

UNJTID PaoviNcyAE or aoea and Gttdh : UnlTensUy of Allahabad, AUababad. 
IRAN: Imperial STlulsfiry of Bduculton, Tebrau. 
laAp: Public library^ Baghdnd. 
jAiffAicA: Colonial SecrotiLryr Klngstou. 

LiDK^: Departinetjt of State* Manrovift. 

Malta: Bllalater for the Treasury, VaLleta. 

Newfoundland: DcparliDcnt of ilomc Affairs, St. John's. 

Nicaaacua: Mloli^tcrlo do Beladooes Exterlorefl, Managua. 

Panama ; Mlnlsterlo de Helachmc^ Exterlor^^ Ponama. 

Paraguay; lEnlstcrlo de JaelacloDes Eyieiiorcs, Scccii'ii) Biblloteca^ AbohcI^ 
Saltadijb: 

Blblioteca NAdoaal, Snn SnlTHdor, 

BlInliterEo de Reladones Eiterlores, San Satradar. 

Slam: UoimrtJnent of PiireSpa Affatra, Bon^hok. 

Vatican CTtr: Blblloicca Apostolica Vat lea nap Vatican Clly. Italy. 
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INTEIlPAfiLlAiniNTAaT EXCHANGE OF THfl OmCrAli JOUEXAL 

There ere notr being sent abroad 68 copies of the Federal Register 
and 63 copies of the Congressional Record. The countries to which 
these journals ara being forwarded arc giTen m the following list: 

StEPOamiBlES IHT IXCOAD IEDIAAl BECISTEI 

Aaceiftina : 

Blblloteca del Coagreso Nacional. Eaernos Airea. 

BLailotecu del Poder Judicial, alendiiXA,^ • 

Cdjaara de Dlpetadoa^ Qilcioa de laTonnaddEL E^rinmeDtaHa^ Bueacs Afrea. 
Baleifn OAchi] de la K^pdliltca Arscatliieit MlQlaieria de JoEtlca a loaLmccLOa 
Fdbllea, BueDoa Airea. 

Aubibalia: 

CoiumODwealth Farllaineat ^^l3d NatSaanl LlbraiTt CanboTro, 

New Soitth Wales: Library of Farliameat of New South Wales, Sydnaji 
QGEc:fSX^EfD£ Chief Secretary*! Odlcet Eriabane, 

WEatEMH AtjaraALiA: Ubrary of ParLIauteiit of Weatera AnEtrallitH 

BBAAIL + 

Bibllotoca do Coas^^eeso Nudanah Rio de Jonelro* 

Imprenaa Naclonal, BJo de Janeiro.^ * 

Amazoi^as; Arebivo, Bibllotcca e ImprensA Pabllcap MaMos, 

Bauia^ GoTernador do Efiiudo da BabUi, Slo Salvador^ 

EOFfRiTo Santo: Fioaldenda do Estado da Elsplrlta Santo, TlctOJia* 
mo ORAMue DO SiJLi '"A Federa^o,'" Porto Alegre. 

SilhiiPC: Bibllotem PubILca do Eatadn de Sergipe, Aracajd. 

Sao Paolo : laipreasa Odelal do EhsOido^ SHo Faula 
BirnaB HosnuEAe; Coloatal SecrotAry, BcLk 
Caxaiu : 

Library of Farltamen^ Ottawo, 

Clerk of the Senate^ Houaes af Parllamont^ -Ottawa. 

Cdba^ 

ElbUotecA del Capitol lo, Hnb^Da+ 

BIblloteca Publlcii FaDomerleaaB, Harana.* * 

Eamrtt IBnlatry of Forolgu AfTalra, Egyptlaa Goverimiieiit, Calra.* 

FoANcx: BLbnotlj^juo du ScQDt, Paris. 

OaxAT BiUTALTf: prititod Library of tbo Foreign Office, Londna. 

GEUn:cx; LlbrAiy, Greek Parliament, Atbeua.* 

Goatckala : Blblloleea de la Afflimblea LeglAlatlTa, GuatemaliL 
HAm: BlbUotb6qiie Natloniilo, Port-ao-Frince. 

Hondueas: BlbUoteea del Coogroigo Nadonoh TeguolgatpeL 
iNtOA: LeglQliitlte Departinect, Simla. 

iTAL^; iDternBtioual laBlltiite for tJie Unldeatloa of PrlTaie Law, Borne.** 
Ibeland: Dali Elreaan, Bablin. 

Mexico: 

Dlreccldu General de Infonuaeldn, ^retutta do GoberuBcldiL, ^exteo^ D. P. 
Btbllotoca BcBjaailD Fianklta, Mexico, D. E* 


*Added ywir. 

^ COUfTfiJalODBl RcccMd qdIj. 

» f^^bI Register only. 
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Mexico^—C wHtlniieiL 

AouASCAUEirnis: <3oberimdar d^i Efitado de AguaJ 5 «ilteotea, A^ruuscflllMtM. 
Omtkche^ Goboriifldor del Estndo de Campeche, 

<ri 3 iiem=tdor del E^adi> de ChSapas, ITuxtld GuiSetres. 
i n itAHTTA: Gobetnndar dd Eatedo lie rhltuahoa, C^ilmalma. 

CokmuuK: Pifrt6d[cQ Odctal del E^smda de Coahiiiln, Puiacle de Goblerno, 
SaltUlo. 

Caij u A s c lOberandof del Eatoda de Col I ^£^^f Colima. 

Ddhajsih): Gijbcmador ConsiltHL-Janal del Estada de Duranj^o, I>QraQgo+ 
Gu^^lfAJBATo: Secretarfa General do Goblerno del Estodo^ GoBoaJimto. 
GutfiMKo: GoberPailor del Estndo dc Gaerrero, ChSlpanoift^O- 
JALISCO; BhbliDteea del Estodo, Guadolnlnm. 

IjOwws CALtt'OWTLK* * Gobemadof del Distrito J^orto, ll^dcalL 
I Qacetn del Goblerno, Tblttca, 

AliciiOAciii^ Seeretarta General de Goblomo del EsEado de llJcboacfla, 
AIoTella. 

^toisELos : Pnlnclo de Goblerno, Cuema'inca. 

Natabit: Gobernador de Noyarlt, Teplc. 

KtfEVd Lfj^N: BLblEoteea del E^tada, Mootemr. 

QaxAca : I^?riodSco Oflelal, Palacle de Gobienio, Oaxaca. 

PusiUL: Secietarla General de GobtemOr IbK-btrt, 

IJt'EEilJxvao 1 Secretarfa General de Goblenie^ SereEdn de Arcblro, Qnerdtaro. 
Sah Luis Potoel: Oongreso del E'^lado, Sno Liiisi PotosL 
Goberoad^irdel Patado de Sinaloa, CtkllDOdlli 
SovoBA; Gebernodor del Estddo de Sonora^ Ilcrmoslllo. 

Ta*.v 6CO: Secretarfa General de Goblerno, SPs^Edn 3a, Eamo de PiObsa, 
VlllabermOsa. 

TAHAULieAS: ^eerctiirin General de GoblernOt YIetoria. 

IXaxcaMl! Scvrelorla de Goblemo del E^EOdo, Tlaxcala- 
YxRACBiJxr Gobernador del Eatado de Veracruz^ Deprirtmeofo de Gobemacldn 
j JustEcla^ Jalopa. 

TnCATA^r: Gubemador del Detodo de Yocatdor Ai^Hda. 

New ZnALANp; Geneml ABSerohly Library, WcllJiigtan. 
pEau: Ddtaara do DIpiitadna, Lima. 

PoiA^u: MEnbiiry of JuAEleo, Warsaw.^ • 

SrAl;^: DEpntacien of NoTarra, San Sebastian. 

Switxeeland: BlblEoleiine, Bureau Intemalionfil dn TroTufl, Genevn.** 

Unior or Sooth Armca; 

OA?if or Goia? lloen: Library of Parllanient, Cape Town. 

Transvaal: Stale Library, I'rotorla. ^ 

Uboduat: Diario Gflclnl, CfiUe Florida HTSi MonteTEde04 
VENrsOiXA: Elblloteca del Congreso, Canicaa. 

FOtlEtGN ^UElANGE AGEXCtE^ 

Austria, to which were formerly sent by way of Germany, 

has now ^tablished her own exchanga bureau, Tlio^e countnes listed 
below to which exchauges are not yet being sent are: Germany, Japan, 
Latvia, Riimania, and Yugoslavia. The bureaus whoso addres has 


‘Added di3TliLy jcrt. 

* Feddral RcelAter dbIx^ 
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changed during the year are marked by on asterisk The bureaus or 
agencies listed are those to which consignments are forwarded by 
freight. To other countries not api>eariiig on the list^ package are 
sent by mail. 

Liar or aczitcieb 

ArmtEAi Aswfilaa NatloDo} Libra iTp Vl^^aIla, 

BElATU3ki: Service Betgo des InEfcrimtloDuax, Biblfotli^ue Rcifale 

BclglQue, Bruxelles. 

■CmiSA: Btiri^aa of InterDatJonnl Ks<r'bflnge^ Nationill C^tTUL LlbniTj+ Naiikingn 
•OiECHOfiTJJVAKiA: Oce f^clian,|P« latematlonauip Bibltotbe^iiae de 

rAssccib!ed Nationals, Prague l-lOO. 

*DrjffMABLK: InsLktiJt dea ^krbniigog iDtomatioDanx, BlMlotbequ^ Royale. 
Co[>eijbngPii K+ 

EcTPt: Gorornment Pr«s, PtibllcfttSoas Office, Balaq, CaJitJ. 

FtNiA^zDt D^hlt^gation of tbe BcSsntlflc SuclfitiftH of Fialund, EcuiliDfiatim 24 t 
Helsln^L 

*¥ ila ? h€ex SeiTJeo dos Intematlonftits, BIbUotbeque NaHonnle, 63 Hue 

4e Rk-blleUH Parla. 

Gcbilany : Ajnerlka-lagtUiitp UnETeraitJltstmflse S* Ecrlfn, K W. 7. 

Great Bijtais akd 1R^MA^D: VVlieldco & Wealeyi 721 North CLrcolar Ro4idi 
WlU^eUp LoBdon, N. W, 2, 

Hul-^gaht: HuDirnrlaa Llhnirics Bc^ardr FereucEektere 5^ Bndftp<!4iL 
India: Superlotciident of OoTeroaient Prlatlo^ and Stallooeryp Bombay. 

•iTAliTS Ullkia dolgi Scfliabl laternaEEoBaUt Mlnlstero deEia IHibUca latroilone, 
Home. 

Japan : Intcrimtloiml Exobauge Servlcfij Imperial XJbrn ty of Japan, Hyeoo Park, 
Tokyo, 

Lat\ta : Serrlce des l&^biiagea Intprnndonatix, Blhllotliisqne d'etat de I.^tloiila* 
REga. 

^jgTOT&iAsiifl: TntortiatLotial lilscliangieBursaii of tbeXetberlaPdai, Royal Library^ 

T110 Hngua 

New SoEjm Wajleh: Puhlle Library of New ^atb WalMi, Sydney. 

New ^yAiLAins: Oeneral Assembly Library, Wellington. 

Ndbwat : Borrlce Noirfigtcn dM EJcIiaiigffi IntcmatioiuiiiX] Blblloth^de de VLnl- 
Teralt4 Eoyale. Oslo. 

pALEsnsK! Jewish National and CnETerslty Library, JemsaSenL 
PoLANo: Serrlce Polonala des iScJiangea Interna lloaauxi Blbllothfrcuie Natlonal-o, 
Warsaw. 

PoarnaA!:.: Seccdo de TroKia IntemaclonalMt Blbliotecn Nactomil. Llahon^ 
Queensland: Bnriuiu of Eicbanges of Iniernutional Poblksitloos^ Cbief Secre- 
Office, BrJatMun^ 

Rohanta : MJiilstbre de la Propagande Natloaala, SerFtce dea Ecbangea Inter- 
]iaU0Di].DE, Bniiliurest 

SoirtK AuaTttAiAA; Sontb AnitraTtan OcrFctrLmeat Rxcliaiiges Bureao, Gorem- 
meat Printing and Stationery Office^ Adelaide 
^ain: Junta de lotereaoiblo y AdqnlffEcJdri do Llbro* y Reflsta para Blhlote- 
ces PdbHeaa, MlnLaierlo de BducaclOn NadonaJ, Aveniila CalTo Sotelo 2B, 
Madrid. 

SwhXFOi! Eungllga Blblioteket, Stockholm. 
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«5wtt?:eiiand; Serrtpe Suisse fles ImteraiitloiiaTii. BlbHotb6«|U« 

Ccninile F^dlralep Pfllals F4d4nilei 
Tasmania ; Swremr^ to tJa* Premierp Hobart 

Turret i Mlulstij of EclncuUoD^ I>^rtiEent of Printing and En^vtngp Isl^anliQl. 
Union or EoUTW Atbica : Gofemoieiit PHotSo^ and Statlooery Offlrtv Caj^ Town, 
Cape of Ge>ad tlci|ie. 

UNION or SoriEr SociAUi^t Refublich; loteruatloual Book Fxcbanee DE^pnrt- 
mcnt Societj for Cnltura! R^lntloua wltb Foreign CoontrEoa, Moscow, ZA 
VicTomlA; Pubitt LSbrary of Victoria, Melbotnue. 

\VEaTE3tN AufiTftAiiA! PobUc Library of Western Anstmllap Perth. 

Tl-uoslatia: Section deft Felionges InternadonnicLs* Mlnlst^re des ASalree 
^trong&res, Belgrade. 

Frank E. Gass, correspondeROS clerk, who had been for seFetal years 
Acting Chief Clerk of ^changes, retired on Juno 30, after almost 60 
years of service* Mr* Gass was appointed as me^nger on August 1| 
1S80, and retired in March of IMI, When the manpower situation 
became acute in 1042 Mr* Gass returned to the Eiclianges to serve dur¬ 
ing the war, 

D. G, Williams was appointed as Chief Clerk on Februatj 25. 

Carl E. Helljer, on January 11, was transferred from the guard 
force to the position of shipping clerk. 

Glenn P. Shephard, on March 4, was transfeired from the Freer 
QallcTj of Art to the Exchanges and detailed to the Government 
Document Eoom. 

Harold Pencockj after honorable discharge from the Signal Corps 
of the United States Army, was employed by the Institution on April 
2, and detailed to the incoming mall room in charge of records and 
geographic distribution. 

Hespectfuily submitted. 

H. W. Dorset, Chiefs 

Dr* A. WirrMoitE, 

Secretan/^ SmUAs&nioTi Institution, 


APPENDIX 7 

ANNUAL REPORT ON THE NATIONAL ZOOLOGICAL PAEK 


Sm! I have the lioaor to submit the following report on ihe opera¬ 
tions of the National 2JcioIogicul Park for the fiscal year ended June 

^ 0 , m€: 

The appropriation for tiie regular operations of the Zoo was 
$310,000. A supplemental appropriation of $65,6T£I for salary in¬ 
creases authorized by Congre^ was also made available, making a 
total of $375j670. Subject to minor changes in final bills, a total of 
$359,453 expended for all purposes and an unexpended balance 
of $lft,2l7 remains. This balance was duo to the diBiculty in filling 
vacant positions and in obtaining matetjals. 

Reconversion to a peacetime set-up is proving to be a slow process 
involving much effort in selecting, training, and orienting new em¬ 
ployees. However, substantial progress has been made in recruiting 
personnelj although a number of vacancies still exist including some 
in skilled positions which could not be quickly filled. The additioruil 
manpower taken on was largely offset by I'cduction in working hours 
from 43 to 44 or 40 hours a weeL As rapidly as possihle^ all xmita of 
the orgunization are being put on the 40-hour week. 

The prohlem of obtaining materials such as building suppli>^ and 
others used in the tnaintenance of structures has continued to be very 
difficult. Indeed, some supplies have been more difficult to obtain 
than they were during the wartime. It has nevertheless been possible 
to improve some of the structures in the Park and to do some clean-up 
work that had been neglected during the w ar. Therefore, by tlm close 
of the fiscal year there wiis a perccptiblB improvement in the general 
condiLlona throughout the entire establishment. 

needs op the zoo 

A small addition to the personnel is needed to enable the Zoo to carry 
on the work in an eflicient maimer and permit employees to take the 
leave to which they are legally entitled. The Zoo has been under¬ 
manned throughout the entire period of its existence, and with the 
adoption of the 40'hour week, the situation lias been particularly acute. 

Of no less importance is the need for new buildings to replace anti¬ 
quated, dilapidated stnicturea tJiat are still used to house animals 
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Preliminary planning has been taken up a ith th© Public Works Ad- 
mi nistnUion for construction of these buildings when economic 
conditions justify. 

A great deal of general maintennneo and improvement work must be 
done to rcstor© the Park and structures to a presentable condition. 
With a moderate increase in personnel the improvements can b© grad¬ 
ually effected as materia U become availublo- 


ViSiTOns 

With the removal of t he ban on pleasure driving and in lino with the 
general increaso in travclitig, there has been a marked increase in 
number of visitors, particularly those from more distant States, as well 
as in traveling groups and school groups, 

frnu^TiD or Tisireee iw febcai. TtA® 


July (104^3)-- --- 3t®,6Da 

Aii|rmrt_._STl, OOO 

Sopt™bt"r-*-__. - 247*700 

Ottobor— ———-_ 2^1 OOO 

I>MCiiilKtr_ _ - _ 42* 8S0 

Junoary - 


FdbmoTy-— — -- 120* 050 

Mw reh _ _ OQO 

AprlU-^—-— — 3^514 ISI 

Mny—_ _ 1C0. 700 

jy ae-^- 30Ot IW 


_ 2,372,337 


Tlic attendance for the fiscal year 1945 was given in the last annual 
report os 2,355,514, whereas it should have been 2,107,084, Therefore, 
the actual iacreAse in attendance in 1946 is 265^3. 


NTTMicra dr GROVPfl FE£Hi Bcnouts 
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11 
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About 2 p. m. each i^ay the cqtb tben parked in the Zoo are counted 
by the Zoo police and listed according to the State, Territory, or conn* 
(ry from which they came. This is, of oourBe^ not a ecnmjs of cars 
coming to the Zoo but is valuable Ln showing the percentage of attend- 
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ance by States of people in private antomobilea. The tabulation for 
the fiscal year 1946 is os follows: 


Fei^CfiiC FctmiU 

Wfl^lDgtQD.D.C__2T. I OMo^--—- 1.0 

Maj-yliuiU ______2612 Ni>rtJ> Ca rol two -— . — ■ 1. S 

Vlrgiaia ___-_IC^.T New --- 1.3 

P«LiD«2FUDntii___ 3^ 0 MtiBsacIiUHettB____LOO 

New York —^2;& Florida -— LOO 


The cars tJiat made up ibe remaining 22.06 perant camo from ^VQty 
one of tlie remnming StateSj as well as from the following Territories 
and eoimtriest Ala-ska^ Alberta^ British ColunLbia^ Canal 2kmi^ Cuba, 
Mexico* New Bninswick, Nova Scotia, Ontario, Peru, PJulippine 
L>land£$, Prince Edward Island, Puerto Rico, and Quebec. 

It is well knowri tliat District of Columbia, Maryland, and Virginia 
cars bring to the Zoo many people from other parts of the United 
States and of the world, but no figures are available on which to base 
percentages* 

till EXHIBITS 

The total number of individual animals and the different kinds of 
animals the Zoo has been able to maintain during tha war lias not de¬ 
clined as much as was anticipated, altUougli the variety of rare, un¬ 
usual, or especially interesting animals has been reduced, the reduction 
being offset in part by more of the oouunoner creatures. At the be¬ 
ginning of the war^ when it appeared that Washington might be 
bombed, the Zoo disx>osed of its venomous snakes. Later, when the 
danger of bombing was over, several lota of the interestifig pit viper 
known aa habu {THmeresUT^^ f^vQviridit) were kept for the Army 
Medical Corps which waa using them in connection wnth some of their 
studies^ 

As rapidly as po^ible under present conditions the Zoo la endeavor¬ 
ing to build up the collection to the prewar standard. Because of 
restrictions on transportation few live animals rtc being brought into 
this country, but it is anticipated that this condition will gradually 
improve, 

llie Parks collection of alligators, crocodiles, and caimans is out¬ 
standing in that it includes It different species which are listed later 
in this report. 

The birth of s baby Arabian oryi {Oryx JetiCi>rr/x} was highly 
gratifying, but unfortunately after a few days the little one died, 
although it seemed to be in perfect condition and therei was no clue 
as to the cause of its death. 

T2S3a3—47-7 
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Other rarities such as Uie pigmy galago or ‘^buali baby^^* pottos, ai^d 
burrowing pythons were rsceired directly from West Africa, rare 
frogs were Sown from South America and Panama, two pairs of 
quetzals were received from Costa Rica and several cocks-of-tlie-rock 
from South America. Fjoiu the New York Zoological Society the 
Park received three very large Qalapagos tortoises that had been col¬ 
lected while young many years ago and raised in Florida. Small anti 
attractive cage birds^ not imported during the war, at*^ coming in 
again, and a considerable number of species have been added to the 
collection. 

ACQUIfimOJi OF Sl^niENS 

Additions of specimens of the Zoo collection were by gifts, deposits, 
purchuae, and birtlis or Imtcliings. 

Bfpvaiioiie Aim soNoas lu a i a cura 

Adatp^ DonalU, D. 0.* 2 FckJu OuckSi 

AlexundeTp \V. Silver Spring. 4 Pekin ducks. 

Allentuclc. leBter^ XVaslijn^on, D. G.^ PkilEppLue maeaqae. 

AquAriam, Dfqinrtmciit of Conmjrerce, WiLshlbi^oUp D. C,, aJUgotor. 

T^UoUr Oeorpe, Bochosda, Md-, bossnrl^us, rit^bon stake. 4 racers, 4 ratrlesuakea 

EantJy^ Bnij, Wnyne+ Maine, sa^rter 

Beck, J. S., D+ G.* eaQppiit^ turtle. 

Bernsteiii, Eddie, WusbJu^cm, D. O.. wbJtMhronted copncblo.^ 

Bei^Eti^r. J. M.^ WnabUiatoo. D. e> 4 CumlMrliioil teiraldns. 

BiAncu, Mrs. L. O,, Wasbln^toii, D. C., Pefcfa duck. 

Butts, J,,, Wah i ng’toQp Et, C., tMirred owl. 

BottSt Mas, Hampten^ Va„ green ^enun. 

Boweri, Ftlli, Eetbriicla, MsL, capuchin. * 

Bozelvicb, Lucak Berwyn, ild,,. 2 eonts. 

Breeding, Obnrles IL, Washlnjfton, I>, C., £ Pekin ducka. 

Brill, W. X, Jt., WaBhiuifton, D. 0,^ CoopeFa ha wk.* 

Brown^ Coh F- Q., Betbesda, Md,, brown-cbeeked parfoL 
Buck. Coftffressnton Ellawortb B., TVnBliln^oo, B. G,, 45 frogs.* 

Buscy, Bill, WasULi^gton, D, Pcktn duclL 

Gapley^ J. B.h Baltimarei Md,, .preen fuenon. 

Carmlchcc], MJcliel, WoshlikRiton, D. C., 2 Pekin ducks. 

Garr, Commander D, L-^ Wnshlugton^ D, C-, Emake-bead fish, 
carter, Dr. Hill, Wasblnstau* D. Cr, i;rftit homed owL* 

CaBbnrlan, Jamea P., Washington* D. C., horned Owl, 

Caspar, J, A.* WaBbluffton, B- C, preen fuenou, 

Cbnpmiiii, i[f, and Mrs. Ono, Silver Spiing, Md.. whlatltn^ swan, 

ChJck* W, Jr^ and PowlerT J, A,, KnEloioal Park Service, Wa^dilncton B C 
h<>g-no 5 ed snake. i ■ - 

Ceben, airs. Hnger. Cbevy Chn.^ Md-, 8 gutnen pigs, £5 miceL 
Colburn, N'finnon C., Wasblu^un, D. C., S rabhltH, 

Cooke, Lt^ Jaj, Bultlmoro, Md., 80 xeuopua frojES.*^ 
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OckBtoiL, MoJ. It Kt, Lakewood, Oblo, jfJlEow-keaded parrot* 

Coopflr. Suiofloe T.p Wa^JUngtan, I>. G. ^ barbs, 3 Eebra Afib, ^ Sodtk AiDeiicaa 
eatfkb. 

CreasbaWf Joel, Arllagtoo, Va^ Peklb dnck. 

Decits, Anuand, Danla, F3a.* isrceo mamba, black mamba, 

Plfltrlct of ColambLa Health Department, Washin^on^ D. CL+ 3 rhesns njonkejS-* 
District of Columbia Police, through OCacer E, M. Brown, WoAbJngton, D. C.. 

black-crowDcd al^bt beroa. 

Hunean, C. Groeabelt Mr, 2 Pekin duckil. 

Earnest* K P„ WaisbEnffton, D. Cl, black widow spider. 

ErUinger, Arlene, WasJilbKton, D. C., liilm tonager* gouldlon fluelt 
Ewart, Jnek, Washington, D, C.p red coallmuudf 
Folrdiild, Dr. Grabam* Gorgas aCemorlol Libra rj. Canal Zone, 3 frog^. 
roller, EriTln K., Wa^ihlnEton, D. C, Cfim snake. 

Ford, Robert W., Alexandria, Va.* bldck vulture. 

Garret Rn^ipobsttiaock Aradeiiij+ Va., red fox- 
CutII, Stephen, Washington, D. C-, poal homed owl. 

Gleason, Martin A_, W^nshlngton, D. C., king snake. 

Gtiuld, Louise^ Pfn^bingion, D. C., false ebamoleon. 

Graham, Mrs. W. W., Washington, D. SS^ grflfia paroquet a* 

HaaklnsoD, E. Washington, D. C* garter snnko. 

Halt airs. Frank, Washlngtonp D, C. 2 Pekin duckA 
Hull, Mair, Aloiandrla. Va„ 2 red flquirrclB. 

Hamlet, John N., Wosblngtoa, D. C., red salamander, 15 pSae or fence Hiards. 
e blue-tolled aklnkA prairie falcon, block vnlmre, ARcgbaajr wood mt* 3 
whip-tnllcd Mrarda, ficon>lon- 
Hnnhy, Mrs. B, F., Arlington, Vm, jellow-headcd parrot 
Harder, Mrs, Arthur, ’VTashlngton, D, Ch. 2 rlne-necked dovef. 

HnycA MrA M. M., WnshlngtoOt O. C.. Biarrow hswk- 
Headley, SlraL Wharton, Klnsale, Va., baM eagle. 

Helfrlck^ W, G,* WasUlogton* D. C.* sparrow bawk. 
iJoblen, Mac, TfVftalilnglon, D, G., sparrow hawk. 

Hnitel, W. H., Tegucigalpa. Hon dura A long-talted K(potted cat 
Hugg, Mery, Washington, D- C-. oUigntor. 

Huuipbrey, Don„ W^iahingtooT C.. barb owl. 

Hoppman,. Lonls B., Baltimore, Md-, acaup. 

Bust, Gye* Washington, D- 0., Fekiti duck. 

Inghatn, Hex* HtifllnH, N. C., scarlet king snekCT coatimundlp* bnre-eycd cockatoo. 
Jones, Cullen, Cbevcrly, Md., rdl salanutmlcr, 

JoncA Henry J., BetbesOa, Md., Jersey cow. 

Jones, WUIlain, Washington^ D. 0., raccoon. 

KatsuruDua, Joseph* Washington, D. C.* alllgalOT* 

Kelley, James Ford, Jr., ailver Bpring, Md^. oposum, 

Kelley, W. J., Silver Spring, Md., opossum. 

Knudtsen, Elnar H* Balilmore, M^L, 2 water snalim 
Lane* John G.. Wafiblngton, D- C^. skunk, 

LaYarre, William, Washington, D, C., 2 American crowa. 

Leppbard, Charles, Washington* D. 0.+ feooe Umnl 
Link, Cornelius^ Washington, D, C., chicken snake 
Loud, Mrs* Wendell, Washington* H. G, 3 Pekin ducke 
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Lynchf Mre. X Bethe&dflt Md.n FckLa duck. 

Alajuf, Frederick ArHugloD, Vrt,T 4 horned lirsrtiA 
MnoD. aSiB. G R., WaHhliiEtoJii D. C.. tufliMl UtmuUSiL 
Manaix, Mrs. Dnn, Washhietonp D. C.p red foi. 

Maiials^ LfoaL D. t\ Washington^ D. bald ^gle; rabblL 
Mayer, LieuL Jolm, WosUlujglton, D. €.h sparrow hawk, 

McCarthyp F.. Waablngton, t>. sparrow hawk. 

IfcI^iiaharLp Duorp Wa^blugton^ D. C^p PeklD dnek. 

Medicfit Corps, U. S. Army, ^1 hnbtt rlperSp 3 water snakes, nkamatah. 
fileema Brofebers add Ward, I^ag Islandp New Tort, 2 Cope oobim 
aielklep Mra. J. C.p Waatilngton, P. C-p sra® paroqucL 
aielvln Dairy^ WoBhJogiDD, D. C?.* northerti porouplne 
Bleredllb, Florence, Arllngtoti+ Vo^ double yellow-hended parrot 
allies, Jay^ Tnkonia Pnrfc, aid., white sn^ulrret 
Millard, C. CLp Washington, D. C.p 2 mbblta. 

Mlnker, H. L, Wasliingtoo, D. C-p Peklo dncfc- 
aiorgnu, Davld^ Betbesda, Md.p red-sbontdefod bawk.* 

Needbain^ H-, Waabingtoiit D. Pekin dnek. 

Neri, Joseppe, Washlrij5ton, D. O t g^ildeai pheasant 
Netberlond, Frnnk, Kenwoodn Md., 2 Pekin drtcks. 

New ill Dr. D. S.+ ConncllsTillej Pa.p hybrid jnnglo fowl, grny junglo fowl* 

New York Zoological Socloly, tbrotigb Jolm TeoYaa, 3 Golopagoi tortolijee.' 

NldUr Bobert, Wasbingtoop D. C.p sparrow hawk. 

O'Dwyorp Arthnr^ Washington^ D, C-i homed IlKird- 

Old, VV. WllllAmston, N. G., 5 DcK&y^a snakefv 4 blue-tailed akicts^ nmrbted 
salamander, 2 gray frog^p mllUped. 10 ground ekinks. 

Parker^ Harry Lamontp Montevideo, Urugnny, SO Stelxner's frogs, 

Peoneyt Mra.p ColefirLIlep Md., 2 ractoonn, 

Pbllllps, C. R, Ken^iogton, Md., Fekln duck. 

PoEleyp B. M., National Inadtule nf Oealtb^ WasblngtoUp D, C.p 4 meadow mice. 
PreatoOp F. D., Silver Spring, Md„ catuirj. 

I^ntalgar, Bernard, ArUngton, Ya^ £ Pekin ducks. 

PylOp George R, ArUngtonp Va^ opposRum and S young, 

Rstfiferty, J. P,, Arlington, Ya., 2 alllg^dom. 

Etandalt H W.^ WaablngtoUp D. Floiida dlantond-baoked rattlesnake, cotton- 
nioutbod moccaslnp black snake, western bull anake, pilot black snake. 

Reamyp J. R Waablngton, D. C.p 2 rabblta. 

Hedfteld, Darld, WashingtoD^ D, Ckp chipmunk. 

Behe Mrf5,p Arltnitton, Vn.* Pekin duck. 

Richards, Henry, WasbingtOTi, D. Cvi wbftc-throaied capuchle* 

Runnels, Ormond, Arlington, Yn., blue Jay. 

Sflutlecnann^ MrSv F.p Arlington^ Yn., 2 PeklB ducks. 

Schmid, Ed, Wasblngton* D. C-p !50 tiger salamandere 
Schneider, Mildred, Wasklngtoa, I>. 3 rabbits. 

Scott, Mary, ArllngtoUp Ye, Fekin duck. 

Sbnwp H. L., Baktmore, Md,, Boinadryas bubooe* 

Sbelby, XJixle Hillnldep Md., bull smike, 3 hog-nosed snakes, 2 garter snakes, 2 
water snakes, green racer. 

Smith, David Cbory Chase, Md., mallard dnek. 

Smhb, D<^>xiglas P.p BethesdUp Md., rabbit. 

Smith, Mr. and Mrs. I^Ue, Vleunap Ya., 6 mallard duckA 2 Pekin ducks, akimk. 
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Smitli* Spencett Orange, Fla^ t graj faiis. 

Stabterp ^bert, Jr^ Sliencerrine. Sid., ground bog. rod Jim^e fowL 
Sietla, Ura. ChPTT Chaw, MC, 2 Petln dccta. 

StLUer^ Ecrtniiii, Wa^binffton* IX O, fl^rlog sjnlrr&X 
Tate, R. B., Seat Pliiaaant, Md-, r^d foa* 

T«Van, John. M^owlt S Oalupago? tortoises.* 

Tbendoro, Mra John, WaSbingtoii. D. G., rabbit. 

'Hiotnas, Silas, Bradly, Vb.. Pekla diict. 

Thomaa. Moj. TV. B. 8-, U. S. AtraTt Sleilcan water anole, a worm snalce^ 
2 llaarda. S akanataha. 

Thomp^n's Dairy, WaahingtoD. D- C., homed It^rd- 
Tnieblood, Wlaslow, Coha&aett Mass., wood turtle. 

Turner, BUI, Westwfwd, Prince Georges Connly, Sid., dact hawk. 

Dike, Dr. Tltoa, Wa^lngtoji, D. ajNide'footed toad. 

VmnlUloo, Sirs.. Washington, D. G-, dfuiik.* 

Wesley, Bhoda, Washington, D. red salamsnder, opossnm. 

Westbui'g, Ijeroj* WashLagtOh, Q^r bog-noaed snake. 

White. VlTlan, Waehlagton. D. Cn Wa^f routed parrot. 

Woolf, D. Washington, D. G-, 2 block widow splderi 
Wymt, AicMe^ Washington. D. Cl, goiaea pl& 

BnmiS A^^l HATCHINGS 


UAHHALB 


namt 

dmmolru^ur Urvia —-- - 

AiTtj OJii^-—----- 

j^i'Ooa .———^- 

Btffon __——— 

Boi -——“ 

Boa tsttiW-*---——— --- 

GonteTuj bn^lnanHa..„- - - -—-- 

Ccrcopitfrsma a^rtktopa -- 

OervuM oanndenata-—---— 

Chindima -- 


ChQCropEis H&eHeMiJ— 
C^nuimys /udntHotanvl —.- 

Dcfma dams. ™ 

Dama dajfia^_„._- 

Dajtifprocta punrftiia- 
FcJfa tiffris—. -- — 

Bippopo/fTMM affiphiMn#_— 

Odooofirs# — 

Oyj teucofpv-..---- 

Ouia &rieM __— 

Ot?w europaewt _— 

Sika Mila ____—— 

Sgnr^rat cafler^^ - 

fA^ilonctoj moflttpnu#-.-— 


STAolororoj rnarifimiiJi X Urw «ilddettd*rffl- . 


C^nmom namt NUm^tr 

Aoqdad. -...——__—-- 5 

Asia deer__-_.- 2 

Ganr___—- 1 

Ameilcaa bison—-—2 

Mju—___—— I 

Park cattle......-- I 

Bactrlan cameLw_—— I 

Green gaenon^—-- I 

American elk--,—1 

CbincMIla--- ^ 

Ptginy hlpjfcopotamna ---—— I 

Flalna prAirle di>g—-- 15 

Fallow deer^^—-- 2 

White follow deer--^-—-- d 

Spectacled agouti---1 

Bengal tiger-—^— ■S 

Hlp|rO|M>lamiiB.__—-- 1 

Virginia deer,^^——^ 
Arabian ary %——- 1 

Woolleaa aheep--- Z 

Ifondoh--- 1 

Sika doer—— - — i 

Africa a bufljalo-——™ 1 

Polar 1 

H^'brM hcur.^--—— 2 


'DwciLa. 
















































92 ANSitTAI* REPORT SMITHSOilUN INSTITUTION, IVIS 


EIHTH3 AND HATCHlKOS—COIltlnUed 


nams 

Anat ptatyriLiptcho^—^^ - - ^ — 

0ratila --— 

£Karv4 _ 

Taeniopyoia c^tianotU^^ __ 

Taeyitopyffia cattanotis. 
T*cr^iir riMriut.^.. 


ilEDH 


Comman *Mii»M 

ATtlJufrcT 

__^ Mallatd duck_-_ 

—Ifl 

__ Canada goOBe—____ 

___ 2 

_SHrer gulT^_^-^__._ 

__ 3 

Zetira flnch 

^ 11 

. ^ Zebra finch (gray phase) 

_ 3 

_ lUng^necked doro^- _ 

__- 17 


HfFTILEB 

EpJcTorea eencArfj--RnSubow baa--- £3 

peckG - -- - —Cocko^ ---- — 2 

AWHIlUA?rB 

Fipa OflierJcano--, — ---Snt-lpiain toad--—— £B 


animals in the national zoological PARKp JOKE SOp 1046 


MAMMAU 


llAElSL-fUliA 


nawkt 

DldelpbKldfief 

DIdelphiB _ 

PbfllfiTigerldae: 

peiauna br^&^p* -—— 

Petdurut norfolcmiU^^^^^^ 
BdacrDTodldat: 

DerttSro^affiu 

Thplopfiie — 

Pbpw^locqyldAe: 

Vo^balux ur«{nlu^___ 


acHHK^H nama ITiunbrr 

_____ OppoH^um__ n 

__ Lesaer pkalaDg«r.---„ 2 

__ __ AugtrallAD flying plialan^_^ 2 

_____ Nvw Oainea tree kartgurofl— 2 

___Dfiina waUiiby^-„™_^-^- 4 

____ Plloders Island Tronibat-^___ 1 


CAJt^lVORA 


Felidae: 

AcinQnps jH&ajut.. 
FeJit eAauj.^_ 


Ferit co*co^o^___—-- 

Fciy cofirafar poiapmica __ 

FvIIm cowensfar X cm^lor puiapon 

FclU _____ 

FelU finw?fl_____ 

FeiiM pardalis^^^ ____ 

Fclij pardP* ____ 

Fsltj _-__ 

PcUm tiffrU^ _ _ ___ 

Fefti NfTHr Imifflpilit __ 


„ Cheetah _ _ ____ 

_ JtiDgle cat _______ _ 

-- Puina__ __ __ 

- Patageolaa pmaa __ 

Hybrid Nortl] AznerlcoD X 

Sauth Ajuerlcna puitia^ _- 

__ Lloa ___ _ __ 

J Jaguar __ _ _ 

~“|ainek Jaguar_ ___ 

Ocelot__,„ _ __ 


lludLau leaparcL 


" '"'[Blnck Indian leopard-.-. 
—-- Golden eut... 

—-— Hengal tiger- 
—Slberlmi tigef- 


1 
1 

1 

4 

5 

4 

2 

3 

2 

2 

2 

1 
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3£A3Eiix\Ld—continued 


CABNiTCinA—continued 

^cfeHiiflcnamt ConiBi«M» wcottf 

Fp] Id Ae-^ContlniLied 

Fetis tiffrU tamulra^^^- ---- Sunmtrttn tlgGT-— — ^ 

Lv»* Tuffta _Bay l?n*- 2 

Lipit uli\ta ____^—--cat---—- 1 

Oncif^Fk tfeofl'rflirf,---—-Geofriaj’'* cnt---— 4 

Onciittt pardintridet. -teaser tiler c&t- 3 

ViTerridae: 

Arelictlt biafitrowf-- —UiptcroBg - 1 

€iv€tUcU 9 eivem -----— Alricim clveL^—-— I 

#<JH|?ufneui__Dwarf cIvkI . -—- 1 

Nfindinin e^ijofafa——-- Wpst AfrlciiD patmclvct--^- 1 

Fa ru -9 herniflpArodi(Bi.__w^^^^—— SmalHoothcd polio ctvei—- 2 

Hynenldae: 

Crm'uta cro^ta fferminann- -— Eiiflt Mrliran ^Etcd li^ena^— 1 


Caaldiie: 

C&ni* lairoJit —--- 

CETft^j t^rl'ranJ' H faniW^'anV - 

Cunis ItijyuE nn&iTK#-- - 

CAnU nfffer rvfui _ — 

Cuon fataniem — 

Du^fr^n ctr?p«CwJi—-— --- 

D^sicifon iCerdocjiOA) ihous — 

xVyefercti^e.j __ 

UrAcjfon cfnerc(Wirj?ert^ctffl-_^ — 

Pii/jjM /wJt?a _ __ 

PrDc>''Qpldae; 

JSTieWJirt __ _ _ 

A^atua ncisoni^-^ _ _ — — — 

PoiAi —- --^ 

Frocjron lotor^^^ _— —— 


Coj-ote and dogf hybrid-- 1 

_ _^ Plabs wolf-— ---— 2 

___ TeSfia T9d. wotf^- » 

__Eumatnin wild dag--—. 1 

_ _^ Soytli AmerTcan fQ^-- --—— 1 

__South Amprleati fox——- 1 

___Enccocm dof—-2 

__ Gray foi__^—^S 

Red foi-—- — 

__Conti mondl-H 

____ Rod coatliDtindl---- 1 

__ ^Jelsun's cootlmiindl—2 

_ Kioto Jon—--- T 

Reccoon_——--— ® 

___Block raccoon--^—-— B 

Raccooo (aTblnD)-__„^- 1 


Bossarlacldao: 

iiattariscui _—__ _ Rlog-fall or cacomlstle^^,,^ 

lUiStclldoe) 

GrUon sp_ _ __ __—-- —« Gr Isoo----- 

GHsOfirffa hvroiifl^ - ---- - Grlscn- 

Ijvira ---- - Bio r Ida otter.-- - - 

Zitfira (JficroOnjifJ) Smull^InTrcd ciEtcr__„_^— 

M Aries iLAmproffale) ^vwuiA ftenrfdu- Asiatic ntftrtcn—-—,,^-.—^— 

J/cJCif Itviorifnchus—^^^ _Chinese badger---- 

^ellimra -- Rfllel——---- 

Mephitis mephitts nipnt---^-StotilC-^-^-—---— 

ererfmanni--Ferxet-w^ — —--— - 

J/VhUcIo frendtA ttotc^ororefirit-**_-— WeaBel---— 

Toyna btfrAama har^onj^ _White tii3rta_^-—^ 

TA]fr*i barhara Kit frit--—___—- Graj-beaded tnjni—^- 


1 

1 

1 

1 

1 

1 

1 

1 

n 

1 

] 

2 

1 
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wA-irRfATj> —continued 


fM Wff 

L-rsld^e: 

Ettarciot am&i^anu9^ 

Emrcttia _ 

HeUirviOB __ 

JfefHrjv# arsinu#--^ 
rAfl/arcto* marjHmiEA- 


€iiiiino^ namte 

Blnck iKfftr- 

Elnmlft^ua bear— 

Atuloj or STm bear_ 

Blotb bear -— 

Polar bear-_«^_— 


TAoIiircJot tnariiim'its X CTr^vt mMdoJt- 

_ 

I7r«UA flrcfM^ _ _ _^____ 

UrjtiA ureioB m^idionnllA^ 

—__ 

mfrfifentfof^_ 

Ornu _ 




4 

1 

1 

1 


Hj-brld bear __ 

Eurojf»ean brown bear^^^._ 

Caoca^s brown boar_ 

Alaskan Peosetosnia befir.— ... 

Kmlkk bear_-^ __ _- 

Sitka brown bear _ . ^ 


4 

1 

1 

3 

a 

a 


PIHHTPEDIA 

Otarlldue: 

ZdlopAut ____Sea Uoo _ __ _ _ _ 3 

Phoeldfte: 

P4o£7d v^follna ricftor^fl_^___ Pacific hartMr ____ 2 


PBIMATES 


LemnfEdae: 

OalaQO demidQPii ____ 

Ltmur __ _ 

Ffvodtcticm poito^ ___,, 

{!al]ltr1cbldac; 

Camthri^ jac^^hur _-_ 

Lef^mtocebuM r03alia^^„ ___ 


OedIpotnMaa 

<'eMijae: 

AofM trivirffatuM^ 

Al€les ^^c€ffr^^i velJcrosUit^^ 

Cefrtf# ___^_ 

Ceftdi eapudjiut _ 

Cert)at fatmellu^^ 

LQffofhrit iQffotrieha. 
(^rcopltheddae: 


teast galago. 

Mongoose lemur— 

Porto^^_- ,, ^ 


Wblte^tofted raarmoset_, 

Llon-bcaded or golden marmot 

Oeoffixif-i mnriitosct-^_ 

DouTOTtconll or owl monkey— 

Snider monkey-^..._ 

Gray capucbln_____ 

, White-throated capncbln_„ 

Wct^plng ciipnebln,„___ 

Woolly moiikey_ _ 


CtTfcotrcbiTJ _ 

rmwfebuji _____ 

Canrooebir^ torouate^ ____ 

Cmo^hu* lorquatuM ^upintiif«*____^_ 

CareojHtbficirj acihkypi __ 

CcrvopithccMX ^eikii^pt tsT^acui__ 

CercQpilhccvt Cfvhiu ____ 

Cmupith^cm dtano,,,_____ 

CmQfdfa™rt dfano rotoiru^___ 

Crrropfthem nefflectua^ ___ 

Cen>pifk€<mt nicHiam pf'tonrijfa___ 


Bltie monikey^^,^ __ _ 

Black-crcfited mnogabey 

Sooty idangnbey_ _ . 

Wblte-crownod Ihangabey_ 

Verret guenon—___ _ _ 

Greeti guenon-^_ _ _ .. _, 

Mollatu<rht>d gnenon-__ 

Diana monkey- _ __ 

rioloway monkey__ 

De Braxra'a gn-matt- 


Lesser whlte^nosed cujenDn_._ 


1 

2 

a 

1 

1 

1 

4 

d 

G 

a 

2 

1 

1 

1 

2 

1 

2 
a 

2 

3 
2 

1 

2 
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MA OTiALs-^ntmued 

WMATEB — COAtlnued 

mm^ Ucnm^m »11H« Kumhef 

C«rcoplthec!dAE^-Ooiittnu^ 

Vercciiimcu3 6p-— —— -— — -W*6t Af KcttU ffuenoD — 1 

...PatHfl wcmkey- - 1 

— --Aloor monliey — ---— —1 

t™# mOt^d03F __™ Ja?nii » 4 

Macmca ___ _ Uh^m monkey-_______ S 

Macaea - Plg-talled nionl^j'wr.— 2 

Macaca phUippin^m*iM-^ -.. Philippine macaque --5 

UavtK^^ tilettg- ___ -_ WamJeroo monkey— - 2 

Afacacti Mnica _ -__ Toque Or bonnet mookey«™, I 

Ifacaoa jpecioia^-___ _Red-faeod macaque-— 1 

IfoHdHRffi jffjjAiJup ----—™ MaudrilL- 1 

Papio como^uJ_ ___—-Clincma---- 1 

Hyliihatiflfle; 

^jrlobdfe# - Sumfitran ^bboL.- 1 

IT^lobalet X lor pUefftni- Hiybrid gibbon..-—^— - - 1 

hoolack _ ____ _ HnoIoLk glbboQ__- - - 1 

Z7ylo6ofof lar —. . .. Blact^pped gibbon- 1 

^ifmjfhitlattffut tt^aci^lut _ __ Siamniifi gibbon - 1 

PoDgtdae : 

Pan troplmfplM— _ — ----Chlmpauaee-^ — -S 

Pan ttaglodifieM omit__—_^"€flt Airlcan cbLiiipaii»e--_- 2 

Fonffo pvpjTiocwi— _—. Bome^in orangutan 1 

Ponito - - - Sumatran orangutan—- 2 


BOEEMTLi 

Bcftirfclae: 

Callosnuru# ^ulatfwnL - - — — 

C£lej!u« beerfteifl dou^lajb' -..... — 

C^fplIlNa fridfceinlJneiltuff^,- --— 

Cpnomys fuefociiclBnuj: -—^ — - 

Puafiojtcnu !eif£0#Hpnia ---—..,_ 

Gi-sia^oaip# - - -— —--- 

BeUMciurvs ruf^nracSium macutattis—. 

Marmcta mona^^-^ _ —-- ——— 

Ret tufa ind/ca__ _- - 

Scfurui d boric__ 

^cinrirj afper — --- 

Tffoi^aa ifn'ofvJ _ _ _—— 

Hietcromyldoe; 

J>Cpotfomp# wdH.—— —--— - - 

Crlcetldac; 

C^ic¥^on|£f# ptTtMbianw#.^ _ — -— — 

Me4oericctu9 ourtiluf -- 

ificrofira mapi^fcT—..^^——— — 

J^feolOTfwi /foHdana aitwatcri^. — —- 

^TeofojTici pe^n^^loontoi- 

Drpzomj^a paJajlrfj --—— 

PcrcunvidH rtilftCfUfl auWjiiHiiiJ_ - 


Lea^^r white aqulrjrel- 1 

Douglas ground squirrel_...» 4 

IS-lLDCti ground aquirrcL-^^-. 1 

Plains prairie aog-^___^- 40 

West African bush Squirrel_ S 

Flying squlrrel^^__ 14 

West African ann squirrel-1 

Woodchuet or ground hog..— 5 

Giant indlna sqiilrT'el__^ - 1 

Abort's Squirrel--- 1 

Eloi f^ulrrel __ 1 

Eastern chipcaunk—_— _ — 2 

Ord taugmoa rot._^ S 

Gambia iwuched rat-..—-- 1 

Golden bamater —___ 4 

Ihleadow moiiae---. 2 

Round-tailed wood rat-.—__ 2 

AR^^beny wood raU.— - - 1 

Rice rtt.--- 2 

Golden'brcasted inouBe^_—— 1 
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aiATOTALS—fontinued 

bdPifiniA—coatinved 

nam4 Common mtpM 

Crlcet \ f niH] 

^eiiroj»£r5_^___MTiStfr-footed or dwr iuous«__ i 

Siffwodon. hUtpidm _ __COEtoj) rst___ 3 

Murldne ; 

if tiif —-- Witte and other dom^iIcnilce_ 

Hystricldne: 

^rocAimriim__ .., , Malay porenptoe _ _ S 

Ath^rvru^ ffMcmnut --— SV&^t Afrlem bruab-teUed por- 

eapine _ _ __ __ _ 3 

rhccumj craHfrpfnU __ Thlck-Bpined porenpluo 1 

MyocR.storlOae x 

cojr^Kj__,___Cb^ijn _ T 

CuDlculldiie: 

Cirnicu^vr paes _ __ Oeatral Amarlcan 1 

I>asM?rortSd«e t 

Diiijfprocta prjftnfiohpha _____ Agouti___ 2 

i)aa;^l>rocfa p^nclftla _Speckled agnufi 4 

CblDelitllldae: 

ChinchiUa^ ____ ChlocHlia__ _ S 

ClTtldae^ 

Ciivta porxcUui ---- - --Guinea pif,__ _ 8 

i^ol'ckotfa _ ___ Patai^oiilaa ca,vy_1 


LepcHdnci 


LAGDMOiFJIa 


Ori/cl^ta^uM citnictihii ___ _ 

Doimoatlc T&hhl lA_ 

^r/frfraour ifoNdaitua __ 

Rn^f^rn iVktt aut n 11 ipaKhli- 

j^KTlOPacrru 

Boyldne: 

Atnmctraftn^ Itrria^^ ^ Aondnd^ 

A woo A'rpufjronL—^*._ 

^laimtalji iiann _ 

ifibOll {Hlurtfjf _ 

Gonr 

bijHhfi J 

[Atnorlean bison 

Uoi _____ 

[Albino bison 

S^n_ 

Boe faurut-.___ 

rtflfiflifrgi'j fi fVIliF f y dT^■PKj.fWT \ 

taunns _ __ 

V [;r4p a 1 ^ ^ li 1 ^ Jjt* p* j 1 _ ^ _ _ 

Al^X^S iQHI'liiiFn 

Box iaurtix 

W'mi Qlghlaod or Kyloe catUo- 

Rrltliih: f^rlr 

Box rovruj 

Bitba^uX ______ 

MJL A 4U ^ _ 

Water hutTnln- _ 

Citpra bprtiit __*_ 

DociestLo Eoat 

Capra «JbHca_____ 

— — — _ 

Ibei_ 

CepauJapAtra jnajirrlTti^_____ 

Muxwetrs. dnllre^r 

CrplJofapAuj ________ _ 

Black diiikf^r_ ^ 

CrpAo^opAu# itfffrf/rona_„ . 

BlaclC-fmnleif! Hirllrav 

/ewilokictir __ 

Tnhr __ 

Greoirtiffat or^^iraffUM^ ____ _ 

Soatll AfrlrMin 

Qrstt befM ann^afen#_ 

h^vui.11 A-ii iL'iiii. JEJ Lporpringer-r..^* 

Ibeon belaa oryy _ 


15 

1 

8 

IS 

1 

4 
1 
1 
8 

5 
2 
1 
1 
1 
1 
2 
5 
1 
1 
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iLAMM ALS—coiiti tiued 


AznciOACTTU—con I Inae^ 


^04^tl^ iuiino 
Bor hlbe — 0>D tlDued 

Ori^T lcuci)ryi-^ - -—- 

Oofs nrfoi. __ —^— 

Oi?fr eiiropaefl__^_^«- - 

ffrmnnien9^ 

PtPudoiM novour...- — 

Bm* $crQfo^ - --- 

Sl/nc^ntM ixtf^cr - -—--- 

Tauroifaffug Ofyx^ __ _ 

Oervtdae: 

ilrfj laU _ 

€mmg c^nadtngi*-^ 

Vtriug _ 

0c™i4l nfppon_ 


f7gfliiiioii MpU 




Amtilni] oryi_ 


__ a 

Wofliless or Barbadoes aTieep.— 1 

--- 4 

Yak ____ ^ & 

Bhfinil or bLufr sheep____ 1 

Wild boar.--^ 2 

AfrlchD bultalo—--2 

Elaod-^—^_ 3 


_ Alla deer„,—-—^-- 8 


American elk-..-..- 
R ed dGer__- - 


OcfTiTJ nlppoai KnanoAKrio«:a_— 
Oama darno_ 

OdonHTeu# HrpfiiiitaHf_ 

f^LramdAo; 

Oirsffa oamcfoporda^f«- 

Giraffa ntiCuiota _ __ 

Comelidae: 

Cam^-iTift . 


„ Jniwineae deer— 

_ Dybowaky dcer. 

( Paitoir deor__ 

While tamw deer.— 
VlrgLoJa - 


Comcliit drDfncdariMt _ _ 

Latna fflatna _ 

Lamo 

Loaio pacQg-^^ _ 

Ffra^no — . 

Tayassuidae t 
Pccori QUffulatus^ 

^uldae: 

Jila6frttfi<r bobxrriutso^ 


NobEnn 

ItetieylBted gtralFe—- 

BoctTlHD cAiuel^-^-^- 
Slngte^huinped cfitueL—- 


& 

4 

3 
2 
0 

11 

5 

4 
1 

3 

1 


__LlamAw,...^- - —-- 2 


Coaaiico-^ 
Alpaicti - _ 
ViCii nfl_ 


CoUored peccarj- 


Bflblruesa .. 


PhacocAoenia aaf^ifopioua aclfottf_ 
HLppopotaniidae: 

Dhoeropals ZiAerf^iir--.w^ —~ 

iFfppopofOTnvl flJWpAfMiw. .— 


Eiiat AXrlcflo wart lM>g-——w 
Pigmy Mppopatawtia—-- 

HEppotKttamua ^-- 


2 

3 

S 

2 


FEBiaacsiACnu 

BqnEdae: 

EtjKug hurcAefIff — ClmpiEan*® sebnL^____-— 

Eqaui (Treopf___- Grevj s lebra,---- 

Ef/uuM prerpi X _—— SSebra-horEe hybrid—— 

Equ^M kianff ______ Aalntlo vdld a^ or 

Eoaii# onop^.^^_— ---Onager ——-— 

^';uiu _-Mongol Inn wltd horst.^^_— 

oabra_____MountolJt lebra—-—ww=—.-■-- 

Tnptrldne: 

Acrocodla indica --—---Aaifttti> taplr^--——-— 

Tapirgg wregiriM ___Sonth American tapir-- 


1 

1 

1 

1 

3 

] 

2 

1 
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UAHKALa—continacd 


fewwooactyiia—<» ntloiie4 


edcntiM rMi« 
Rbtiwcrotidae: 

RhinOceroB Mnirorn*#- 


«4l«< 

Qr«flt IndJBD tM- 

noceroe--“—— 1 


PSO(Bf>:jCl0AS 

ElephAQtl-dne: 

Snmatraii elephaDt™^^ --1 

Loxodonta ofriRuta oryoUt ---Altkan elepbant^--- 1 

ICEkEIfTATA 

Cbola^podLdaei 

Chotaepus didadpluM^^ --—--Twfrto^ aloUi—-- 3 

l>iLsji>odldae : 

CAactDp^n 3 £rH« -- - -Halrj anundiUo.,-- 1 

Euphr<ictti4 - ^— Sti-band^ armadillo..-- 2 

Mjrtneeoiilifl^dBe: 

l/vrmeoopAui?o tridactpla^— . .. Giant ant€aiter_—--1 

BUlDS 

Stmtliionlclao: 

EirutMa cani^JuJ— ^ Oalrlcli -- 2 

EHElFOBldEA 

Rb&ldae; 

HhcG _Coumcn rhea S 

CASUARUTOaMEB 

CaauaHtdao: 

€iisuaHu§ papmnm. -- Fapoan Cassowary-- 1 

ca«uaHtrj aruensCa__Am caesowBry._ 1 

Conf^friua imfopprfldtealafaa lalanil caBsownry _ 1 

Ca#uariHj uniappcndicuttsiui uniappendfO- 

iaitfj___ _ .___ _ _ Ona-watti€i| easaowaxy___ 1 

DrotnloeUdflo: 

l>nnnlicdiM fu>i?(zrAoUandla«___CommoD ema_ _ _ 2 


apRCFiaciroEMEB 


SpbEcl^ldae: 

Apmodptei ^onl-cri_Rjsaperor pengcLj]__ 

d^Tapfisj _____ Jack&ss iien^la_ 

i^p^enftnu JLufft^oldtl_^_____ . ^ Hainboldt pcDguIn_ 


3 

4 

2 


Tlnamldae; 


TDlAMCPOAMEB 


Fadromla rtepavu 


Ousted tSaaiaoa or martloeta. 


1 
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PelecaoJdae: 

eon4pic(Uet^i* — -- -— -— Aiifitrsllfiil pelScab-^,^^ 

Felemnvt^ en^ihr^h^nsKut -- -White ptllcan-™— G 

ec€rf(fefifflM* ---Brown pelican -- 

Pelecafms ^fuJcroPaJu# — —-Bumpeim peiiciiii- 

Phalacrocomcldne t 

PMia^^mrax ^nrCftij FamBuia cormortaU—— 


FregotJdae: 

ffepttla artel___ 


L^ser Irlgnte blrd^--..- 


1 


dCO^lllWUEB 


Ardd^Xne: 

Ardea hflrijyitM— --——— 

occMrewJ^*^**——-- 

---- 

Florida onervlea -^———-- 

Jri/dranaw Iricniar ruttcollU^^^. 

Notopho\f<F noipaehflUanrfinc-- 

Fy^fanasta Haln ^£^(l 

Nytiicoruir n^leofaJp naeviut^^^- 
CociblearUilne: 

Cocklearim 


__ _ Great blue beroiu— - 

_Great white hexon^——-- 

_Snowy egret--- 

__Uttle blue henm.---- 

_ liDulElfiiia herea-—— - 

_Whlte-fneed herofl™-— 

__ Soatb American yellow- 

crowned night haroD,^- -. 

__BLach-crowned night beroa— 

_ _ BoatbUl hmn-—- 


Cicnnildfio! 

|>te«our'n epixcopu* 

Ibis cfnerCiU _-—— -- 

LeptojiHltit cFum^if€TU4 

LeptofiHlv* dnhiy*-- 

Z^pPopifluA javanicint - 

Afvciicrra — --- 

Thresklomlitildae; 

Ajola afafa ---——-- 

Ganra alfra---— - -— 

OuaraaJha X G.rtibra .^^-^—- 

Ovara mhra^-- - - 

TArejrArtonii# aetMopica -- 

!rAr<LtJtiO«4te BielonorcphaTti— — 

TArCTjfciornir ^ptnieoffte--— - 

Phoealcopterldae l 

FhoeniCQpiervE chUensit - 

PAoenicopferae ruber^ - — 


WooUy-nechMi ntort^---- 

_ Malny stork ——— - - — 

__Martbon_^_^_^-^.-- 

_ Indian adJntanlL^——--— 

__ L«$s&t idjutant-.-^- 

Wood ibla---— 

__ Rnseite EpoonbUl-—- 

_ _Whlla IbSa--——^ 

___ Hybrid white and pcarlel Ibla^- 

-- S4SnTSct lbla_— - — —— 
Sacred ii>la-^—^ 

___ Blflck-headed IWa-—--- 

Straw^nec:kcfl Ihi a —— 

_____ Chilean aamingD-^..^—— 
__Cllhan flamiflgo——---— 


2 

1 

5 

1 

2 

1 

1 

20 

1 

1 

2 

1 

1 

2 

1 

4 

h 

1 

1 

1 

4 
2 

1 

5 


A^sEaircaMia 

ihiTnIdae: ^ ^ * -i 

Chaun^ch^ivuriii _ _WhUinMiecked «rCTiii«- 1 

Ck^unacri:izlu --- Created actwunar- 7 
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—continued 

iKBEftifOftWEa—eontlutled 
nama mamui 

AnutUlye; 

jriwnJfl_—--- —Woiwl ducfe--—-— 0 

Anus &ra^inenrftJ_____ Brn?13LnD teiL-,-—- - 2 

Afu^a __—^— -- rekln duck—... 26 

jafyl|^f‘ftVwcRof ^ -. ■ - — BJaltard (lu:ctai^— 61 

Ati^ijs r«&nfiir#__--- BIbgIc duck^-,-^ --——^ — - 7 

Anser afhifTon^^ _ - _— AmorlGan whlte-fr€iit«J eoo«e- 1 

AiiACr tincrcuM mmatica ---- TouSonse goose^ - 2 

Anscroiiitit temipalmala^^ -— Austratlfto pled 2 

Sranta ___ CanndB ST 

Brania cun^deniiM occidcnmU^^^^ -- WhlttschpGked - S6 

firuintei E?flny£lGnff<> X CJitin caetuleaceTm^^ Hybrid Cauadit goose X iJliie 

-- - - — 2 

Br^intfi ^ufcILifwfL^^^___^atchln'a — 4 

^raara mfitlTna __ __ Cackling goose-—__ fl 

___-Mui^icavy dock — 16 

aoi?ocAolloiidiflc__ Cope Barren 1 

Chen nilunUca^^ ____Enow goose - --- 2 

CAcn oeerotMccoj-^^-^*____ Bliie goose.----- 2 

CAenoprj afnafd_ ^ _ _ ____ Bluch swan.^.__ ^ 4 

Chtoe^hfiffs Itvcopteru^^-^ -^ugetlan goose——,.. 1 

CU{fnopil3 cjfffKoidew ^^^^—--Ehjtnestic goo$e____ 2 

CpgjiUR cofuBiAfaBHf______ WlilBtlEng bttbd—.^_ S 

Cgpnm ___^ B3Aek-necked ffwon___ 1 

dfor—----Mate awbii_ S 

Dahla artf^^T..^---Pintails _ _ _ _ __ S 

Da/Ifa apinloauda_ _ ___...__ CbJIean plotaJL..___ 1 

DcJidroi^ggna arliKtrea.^-^^ -__ Black-billed tree cIqcM_^^_™ S 

Bcndroeggna. -Black-benied tree duoJk_ __ 2 

Drfisfj'ot^^FEo ----Wlilte-fiieed tree duck_ _ _ 4 

i>Gfie{p'oncj«a pakrlrurtala.___MenElarln ilhn k _ . _ 4 

l/arr«i awjericaMa^-^^_____ItaldK^te____ 1 

i/aiild gtftrtlj ___ Lesser scfiup_ 1 

JfrTrffa _BJtig-necked duek__1 

yctUon mToHn€n40^^^^^-^ _____ Orecn^wljiged teal.____ 1 

Ncttlon fomoBum_____ Balkai teal___ 6 

an-—---- Hybrid dnek^ _ _ 1 

ygroca ^rmcrfcdaff.^_ _ ____ . ..._ R^-bend duck _ 2 

--- -- CanvoKback dnct^.^___ 1 

PhUaeie ranai/fea—-- - Em|>erqr goase^_ ._^_ 3 

QverqKtduia dihCori„^ ---Blue^wLaged teal™^_ 6 


Catbnrtidae: 

€alh4$ri€i flare____ 

Corfl^^pt ofraftf*__ 

canfonttaniia__ 

Ficflur pr^phiff_,_...... 


TAUCUCttlXiaiLEB 

.___.—Turkey vtiTtqfe___ 

--- Black Tultdre..^.^^___ 

---- Califbmta condor___^__ 

Audean condor____ 


2 

2 

1 

1 
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HEPORTT OF THE BECIUITARY 


smD3—continued 

ri™3HTFoit!dEi--coiirJniied 


Acclpiirldue^ 

4wpr^T Miriafm ttlox --- 

BviCQ —-- ^ — 

By fra Uneaivt elepffn#.-- —— 

Bvteo UntatuM liJiea^ut—^- —— 

Bufeo —~— 

Bttle^ ---—— 

Bvlfl? pc^edfocftj^ifJ——->—'- 

anpofcfttft--— -- 

Olfpi rmeppttiL --- 

Bailaeetu* l^cf^cephalvi-^^-^ -- 

Hailtixiur lufittj--—--— 

Hyrpfd harpsfa -—-—-—- 

Mfihaffa cMmanffo ——--—“—- 

J/I^wt pflrfltfffwi——— 

Fan^fon eanSin^naU —- 

Purobutco uttitinclK *.—--- 

TorffO$ irach^tiolus-^^-^ --— 

Folcoutdae* 

Cerchnei* 4 parteriu $—- 

CemrhfK^ ^parrcHy* fwferaedfy^- 

Daptriui dmen'canu^———-— 

Fdfco d^roiFHCferi—-----— 

Ffl!ra ditafvm- 

PolyboruM —- 


PtdMW 3ya*S€r 

ShOffNSlilniicd —-- 

Ked-ianefi hiiwt—-- 

Koutbern ml-alioiLldered liawk^ 

Red Jiliooldered hawk,— 

SoBth Ameiicfln bamird 
. Dnoad-wlDgfHj hawk^—^—— 

. R^d-backed biraard—-- 

. FSBb-^fltlDg Tultiu*---— 

. Ruppeil's TuUure— 

, Biild eagle—--— 

. BmhmLny —-- 

_ Har^y eQsle___—-—--— 

„ BrazUluo eagle—-- — 

_ Chlma^go— 


T 
1 
1 
2 
1 
3 
1 
1 
7 
5 
2 
1 
3 
2 
1 
1 
1 

_ S 

S«ut h AHierlcan pparrow buvvlt_ 1 

Reddbroa ted ca racara - --3 

Bat folcOft——-—— - ^ 

Duck tinwk- ———— 2 

South AmerEcan ciiraHlln-^ 


Africa a jellow-bllled kUe—— 

Osprey or flab hawk,——-- 

Oiie-baoded bQwk,_^——- 

Ah-lcflu eared Toltore--— 


__Sparrow hawk- 


Crocldae ; 

CTQi 

Vrtix nitra— ^ — - 

CreTjr jefaferf. _ _ —■ 

A/ffa riRu— — —— - 

FhaAlaaldaei 

Arpy^laayx ar^uE —— 

Oslreya wraWicAif-— - - 

Chrywolopbuit amh^r^fiae,,— 
CAry^iOtopA aa pictu^^- — — - 

Oo^fnvi --- 

Croi^opRIon ayriJMu*— —. — 

{Todvl ftp--- -—'— 

6odue ep - — - - — 

-- 

O^Uh* ftp—^— -— — 

Oaf fat pofftti— - 

GolfM pflJfuft— ~—-- 


PA11.1FOK1IZS 

____ Crested curassow—— ^ 

_ _PanfiEua cttroBsow,—— 

_iieliitejr a enrassow-_^ 

__^ Razor-billed coraaaow^ 


___ Argua pJieiisiiut——^—— 

____Cbeer pheasant,- 

___Lady Amberst'a pbea^aut—- 

___ Golden pbeaa&iit—^——— 

__ Crested qiiolL 


__ Bln&eared pbeusaut--— 

Bantam chti-kea—- - ■ 

Orlentiil silky haatnni fowl_^ 

Fighting fowl—---—«— 

LfMiig-taRed fowL,——- 

. Bed Inagte fowt.-■ -- 

Hybrid retl Jungte fowl X Baa- 

tnm fowL,—- 

. Ceylanese Jungle £owl^- 


1 

1 

1 

1 

2 

2 

1 

& 

2 

1 

1 

2 

1 

1 

2 

3 

1 


Ooflua Id/appff#-™ 
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BiHM—continued 

OAiiiFOdHes—H»ntliiiied 


new 

f DU ed 

Oal^iit fcr/av«fK 

OaHut __ 

Gwi-Q-euA __ 

Qmttam* npcihemerus. _ 

JTicnip^affo - - 

lA^phophoruM fmpciMflv^___ 

F£it*o crisiatuE^ ____ 

Phasianu^ --, _ 

FoJypfecIn&n, ft£rjH>fe^£i-,„__ 

^irnA4zfk?v# ncep«i___ _ _ 

NaiisliJjdae: 

.4cr7.rffum vifZfurfnunt_^_ 

sp-— 


04liL!^Pf FlCHbeMT 

^ --— Qlkitksu h^brid^^-___ 1 

___Oray Jungle fowl-____ 1 

_ __ WliLtc-eresced taleegu-^^-.-,_ 2 

^ — silver plieasa4it^___._ 3 

—__Swbhde^a [ibeasaetL^_ 2 

-- - Htmalnyiii UutieyaCL phe&BHiiL. 1 

_P^afowi______...__ 3 

jBiag-neekcd iVbe^Niis t _ _ 4 

p^lte riii£^iiected ptiea3aiit.-, 1 

__ _ __ FaJawan peoeock plieasant_-»- 1 

__ Eecv'e'H pIiejisojit.^___^__ i 

--- Vulturlpo fTolDea fowL>__ 1 

---— Guloea fowl __ 4 


DAUll^OkJlES 

HhlotMTlietJdafi i 

Rhln^hetaM iubaiuE^ ___ _ _ - ___ 

Gmidee: 

AnthrQpidd^E tMf'po——__ _ ___ Deaolselle crdue___ 

Putearica prwitine,—-— West Afflcaa crowued crane. 

Buiearica r^ffuiorum ffitberUxps ^—East African crowned crane.^ 

Otms levoiMchen-^^^^^. ---Whlte^anped erune___ 

Gru» lettcofferanta _,_ _ gJbcrieti crane-._ ^ _ 

Railldne: 

Amnuromfi phoenicurut ^ - _ . ■ ^^Ite^breastcd rall,^_ 

____ Wood rall_^____ 

FuRca amcricana^ --Atrbcrlcan 

•GaEfnnIa cAlorapa^ __ Florida ^ninuie_ 

QatUnvln gtinaatran galUntilell^L,,_ 

LiTnnocora^ f^in^f^stra ---- Africaa black raII_^’^."L_ 

P^hvrto polioeapkalH*- ---G^oy-lle^ldpd iK>r^ytlom 

CatlaiJiLdaQ: 

Gdntemn -Cartama or ^rlama.__ 


1 

2 

2 

1 

1 

2 

2 

2 

S 

3 

1 

a 

] 

2 


caASAonirmBM 


HacroaropodEdae: 

Hae»w(fopiM oitralegu, --European owter talcber- 

Cbamarlldae: 

RefuiieptfTiii dAtlflwf*-- CUHean lapwing__ „ 

l^iidae: 

Lomi flrpflifofv*---Herring gnll_ 

l,arut Mavartnait -IUnghnied gnll_ 

Larvt dom^nlmnut ____ Kelp gull „ 

r^r^t -”I._ GnlaiwousTwinBed 

Laru4 norachollaAdlac____ surer ciiU 

GlartoHdae: "" * ”— 

ffUiM pniifn«(a-CoRared pratln^le_ 


1 

1 

1 

1 

2 

1 

10 

1 
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tiiRDS—continued 

COLVMBtFDfiHEa 

nam* Ct^mm^n Um# Hunger 

GoIumblda«: 

Oofujn&a — -- TTlfiO^ljar-spotted i^igecn____ l 

CoJy/nbe^ liFxa__,_^_-- - I>ciiDestlc __ 3 

CalumbrjraUina pa«^(na _ __Grooad dove.___ 2 

Dticnia aen^a ^—, — ----- ^ Qriceii Imperil] plgieoii ^ 1 

i>vFir|a pdv^ifia.____ DupeTiaL plg&on___ 1 

Oa^SroIttmba Zyzionlca _ __ _ ___ drvrt^ _ 2 

Goura iristat^ ___ — Sclater^s qrowned plg^cD__ I 

Oowm _Victoria crowned pl^o____ 1 

LeptoliUi — -- OfkBSVn'^ doTB______ 1 

Lcpfoti^a ____Scaled plfcon _ _ 1 

pflvllna___Oeleblan inipeiiiU ptgwo-^___ 1 

SfrepiopelUt __Asiatic colJarad dcm?_____ 2 

Gtr^£op^lia FAineiim c(fj^Jon€n9i3 __ Ijico»neckod or aali doie_ 3 

S^rcpfopeUa -Blae-headed ring deire-- 2 

Turtur r|aor|yj_________ Rlag-aectcd dove._ _ _ 33 

aurfeicrafa_ _ ____SonUi America motinilng dove. U 

^envtffura moorovri]____ Moarolng rtove__^-- 2 


FslTrAcatrauE^ 

Jlffittacidae: 

Affapomis ---Fmcb-fiteeil love bird_*_ 

Apdporai! puUdNa _____ Red-facCd love bird_.__ 

Amasona aesHva ^—— _ —__ Ulue’froDtod parrot__,__ 

Afna^^eira flifropa«fafa-____^---Yeltow^Daped pantit_^ _ __ 

Ajtiaxona ochrocephaJa ___ YolJow-hended parro t 

imnroita oratrix -^-Double jcllow-bcaded parrot-^ 

AnchdorAFnoAyt hyodnihinM*. -- Hyaclotbliie inajcaw_^^__^__ 

Am aniruyfra— -- — Yellow and blue nittcftw______ 

Am ma^o ------—--Eed^ blae, and ^clloiv mnciiw^_ 

Aruffnj^a euops___ _ __ CnbQQ coopr e __ 

Aramga pertinax—^ -Qray-beaded coDore __ 

f7oli^/oraim<^Ayf m^pniffeu* __BaukalAo cockatoo___^ 

Uoracopsit nipra ___ _ ___Lesser vasa imrrot___ 

I7poaopnffaw« tpixi. ____-___Splx'^ !Bacaw^___.____ 

Dumrpsii t0nppinefi4^^ ---Bn re-eyed cockatoo _ 

EcUctu^ ptciBrali^ _ ___ Bclecma parrot______ 

Eotophus mseicnpUJuE ____ Roseate cockatoo^__ 

iTukato# alba _________^ Wbtte coekatoo____ _ _ 

f dSroroa dmerop*^ ___Solomon laiunda cockatoo^__^ 

ATfiitvtoe pflfeinrfa___^-^____ I-nrps solpliar-rrpsted cocka¬ 
too—^ _.___ 

JTotato^ Icadft^^fcri™.-Leadbeoter's coekatM^__ 

J^aito^oe molHccctuit __—. Great re<J-crcsted cockatoo^^ 

Kakaioe suiphurea ____ _ lesser Enlptmr-erested cocka¬ 
too_-____ 

Loriu^ d<HnlpeJli3__._^_^__^__— Bnjah lory_____ 

Lorfua ___Red lory*___^_-H.___ 

73&3C2—it--a 


2 

2 

1 

2 

2 

3 

1 

1 

1 

1 

1 

1 

1 

1 

2 

t 

2 

2 

2 

2 

1 

1 

1 

2 

1 
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91 KDS—continued 


FarTTAcirooMW—continned 

fHiHfl creiwHio* 

Psitttcldfl*—CoDttnued 

Loriue rorafuM _ __lled'Sided 1 

MetapnttaCM* __ GruKS paroquet --- 5 

-- Qunker paroquet- 1 

- - Naaday paroquet^--— 1 

Nesit^ -—--— Kod-^— - — 1 

Hartiiet Aawicra™-^^^^—AiDfistohlan ralque-—__ 2 

__- RcU-ahoultlened paroquet-_ — 3^ 

Paf^locura Kramer^a paroquet^— __— 2 

PvtUacula --Lonrialled paroquet.,,.^- 1 


CucnUdae: 

^vdynainii fcoJojwceiw-^^. 


CUCULITIHIltEa 


1 


snaGiFOSMSs 

Tjtoiilslflt: 

Tyfo qt&a pnaNaoeiO-^^ __ _ Bara 

StrLgldne: 

Bubt» — — ——^^— Great tsomed owl. 

Ket^pa kctupa ____ _ __ Finlay fleli ow]_ 

Ifpclea — ---- ■ - - Sao^y Owl _ _ 

Ofaa atio— ___ — __ _ __ Screech 

Sfri# corfa eoHo ________ Barred ovl_ 


5 

1 

1 

1 

6 


Trosouldae: 

PAaromacAnrt _- 


TEOOONTFOaJJ^ 

--- Qqotaal-^_ __ _ 


S 


COtlAtlllOKUEfl 


Alcedluldao: 

IJacelo lCookabQrni__, 

IZfifojroa ADfirltfj,— __ _ ___ Sacred JcKQ^sb^. 

Uoinotldae: 

JfoinotMl _ ___ Molnwit _ 


2 

1 

1 


FicumwM 


Ramptmstldfio: 

Awfocoratrarhut aaToatirt #ulalfiw___ _ _ 

Ptcrop^ovtut flrooarf^____ 

Pfcro^lotltfa forqruafvJ__ ___ 

JTd alphas tot oorfna^ut-^_ ___ _ 

JZamphaitot __ 

CapIioDtdae: 

atiatica ____ _ _ _ _ 

Cyonopfl zeplatti^ ____ 

MeffaltiAma totonfca^_ __ 


Groove-liMled toocnaeL^_^ 

Blaek-necked mmcarL _. _ 

Aracari toucail—^_ _ 

Sulphur-brenated toncaD__ 

Toco tnnpon- . -■ ____ 

Rcd-cappcd biirbet- . . . . 

Streaked baidiet^^___ . 

Streaked barbet-,„^_ 


I 

1 

1 

fi 

1 

1 

1 

1 
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Biiu>8—continued 


FABaoiroewBB 


ScieniiJ^ Mmt 
CotlDg^dae: 

peruviana Banffulnol^ia- 

Rupie<fia rupicola - 

CorrlilAe: 

VaUtKilfa formosa^ 

CisM chlnentU- 


UOM 

Scnrlft cflck-of-the-rocfc- 
Cock-ofUie-rock.—- 


yarntn- 


1 

3 


irueatanfCA... 

Carvmt ar&v^— __— 


MqsJcad 
Q ilneso 
Yticfltan blu^jQr* 


Jar- 

clssa^ 


CorvuE traChprhitnchuM^ 


CQrptiE EOrax principalii^^^^ 
CorvuE comix _ 


WblteHbreasti’il —, 

AmerEcAEL crow^^ __ 

Nortbem raveu--^——^— 


Corvm vr^pKttewCKt- _— —,- —- 

Cart?u« __ — ^ 

Cpanceifia aisteta^^^ -.— 

Ciranorora^ c^ry^(?p«_ _ _— 

m!fAiaeall$—^ _ — Moustnched Jay 

CpUriopica cp&na^„„—^^ _ ._AsELtra-wiaged pi 


Hooded croW__,- 

WhW^BOctE^ raT^fl— 

iQdlDD crow,--— 

Blue Jay.—,-^ 

UmcA juy_—--- 


GjmLaArAin«t _ 

Pka pica ^ 

VrocitBa oarrulca^^^^^^. _ 

Urixrixia .__ 

Paradlscldae: 

AifaroedMA crdjjfroifnfa--— 

Pf^fono^hfmrAiEf i7ti>/a£ftEff_ 

Pyciaonotidae s 
P^rnojioli^j 
TlmnlUdae: 

Leifiihrix latevs^^ 


WhUe-backod plplnf crow— 
Afuerfcon magpEt-^—^ 
PormoaaD red-bSUed pie—— 
Ked-btll^Jd blue magpie- 


Avslmllan catbird— 
Satin bowisffblrd-— 


_____ _ Yellow-venied balbol- 


P^n iobfn- 


i’amajorJliana erp/hro^^pjr- 
Mlmldae: 

camifeicoit^__ 

Jffmui -—- 

Turdidae! 

Gumtlax _ 

Oarrutax —__^ 


_ _Scltnltar babbler- 

___ Blu# flitbtfd^—^ 
__^ ModiLSiigblrd - 


_Aalatic tbmab- 


Butmeae tbrnsli- 


Qamtlax pcetoralU pieticaUU^ _ _ CliiiMsse col 1ftred latigblng 

tJirasb— — —-- - 


Bplodehta muEielina^ 
Piatjfcichia flapipeE^^. 

Turdut ffntfi— _—- 

Tiirdttt miffratoriuE^^^ 
TurduE 
SttimkTie; 

OreafopAortf einerea _. 
Ott/cppjwr 


Wood Oiruab. 


Ycllow-f^ted tJinjMli— 
Boaapartc^s tbruah^ — ^- 

Eattcrii rtibEn™_ 

ArgeDttne rAbin - - - — 


Wattled BtnTlittg — 
Created etarlliig^^— 


(?roMJd _ 

GracHllpfra tacfattopfmi_ 

Pait{)r roECVM ___-— 


__Hill myaab 


Wblte Btarllng —— 
BoJsy paatoF*—^_ 


1 

2 

4 
2 
8 
2 
1 
1 
3 
1 
1 
1 
2 
1 
35 

5 
1 

1 

1 


1 

1 

1 

I 

a 

3 

I 

1 

1 

1 

1 

1 

1 

I 

1 

1 

s 
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Bouja—continued 

FueEsinmij i»—wtltlnaed 


Hoientijto 1UIP14 
@tiinildBe-“Con Eln iled 

^^urntM 

Temcnu^hvi pai^odaram __ 

Plocedda^: 

Diatropura prw^ne-^^ _ __ 

Er^thrur^ pHUacea _ - __ 

L^nchura lcit{)Offi:tAtroid&s _ ____ 

irun^ ____ _ __ 

Ifuji^a malaoca^-^ _____ 

^/irnia __ _ ___ _ 

Jfunfa _____ 

Ploctu* ___ 

PiflccKj __ 

PtwpAWa oculfaznida _ 

Pit^phUa fft^uldia^ ___ 

^uefea sanffinir0$triM intermedia^ 

Blcffatiura :pqmdf>ff«a__ 

caj^andflff______ 

Ictetlda^! 

Affelaiut ____ _ 

Cassictiiv^ melanisteru* _ 

___ 

l<!f€rus btiUoeti^ ______ 

Icteruw toenw________ 

Malothmi bonartemit ____ 

Notictpar curaesuM ____ __ 

XanfAofiepAa/u«' 

TZiraupklaes 

€tth^piza cpanie!QUf4 __ _ 

CAil^m7frA<?n4<i 


CvBUttun mame 


Number 


Pkd mynah ____ _ 

Sta rl lug _ ___„ _ 

—— BlQck-head&d mynah___ 

_^ Cjlaot wliyduli^__ 


Piranffa bidenlata^ _____ 

JSAaMpAaccfiltf ____ 

-RrtflipAweftta ____ 

i?aaipfto^eli^4 ^am»ii^fnvt___ 

Rampkocetus icieroKotut^ _ 

raiM^ro dartfint-^______ 

Titnaffra tnviioa. __ 

Tkranpii cana. _ ___ 

Frlnglindne: 

diFV4iiidai?a __ 

Ccirpadacwa mcxicanus^, _ 

C<rrpphi^apingvi cucuUatvM _ __ 

Vpanoctmpm urgmUnn^ _ 

Dime^ dluja __ __ . 

Jufieo Ayangjtf__^,^^._ _ 


New CnledaDlao jjfltrvt Bnf*h-. 

_ Bengali____ _ __ 

_ l^Thlle-hended miiiiU.^____ 

^ Black^throatcd mnulB _ .. 

_ jBTa BpaiTOW-. __ __ 

_ Rice hlrd gr niatmtg finch __ 

_ B^iya wt*aver___ 

, Blitck-cheehed weaver__ 

_ L«hg taBcd flneli^.___ _ 

_ (jinaldiati fiach ______ 

_ SaatLero mO:BlEcd wearer finiidL 
_ Pnradlsc wiiydab __ __ 

- 5£ebm finch-™._ _ __ 

. Cuban red-winged blackbird, __ 

- Atejclcan eacl(iDe«^_ _ ___ __ 

_ Giant orJole____ __ 

- BallDck'a troupfol ___ _ 

. Troupial _ 

, Shiny cowbIrd_____ 

_ Cbllean blackhird___ 

. ^Illltury starling_____ 

Yellow-beDded bkckblnl__ 

Blue-necked Unqger^^_ 

. CeDtcal America a chloro- 

pbolala_, ___ _ _ 

. Orange tanjiKor.,^___ 

. Sflver-twaked fnn ng^r 

CHnascFii tanager____ 

Yellow tonager__„__ 

I'ellow'rumped tanitger^--^_ 

OarwEn's t4iiiager______ 

Blnc-buodihtl enplionhj , _ 

Blue tonogir^r_____ _ 

Strowbeiry anch_^__ 

Aieilcan house finch__ 

Bod-creatiKl flin:li_™__ 

Argentine blue brniEfa eak- _ __ 

OluCfi finch__ _ ^ 

Slate-colored jnnen , 


1 

12 

1 

1 

1 

2 

1 

3 
2 

4 
fi 


2 

1 

1 

4 

5 

2 

2 

9 

4 

1 

2 

1 

1 


K a-L Cd U M M K9 ^ hi 10 M h^ 
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BIRDS — continued 


PA^ExiroSMEfl—continued 


Sotcnfifio li-fiBMi 

Frlngtll Edee—CoDdnoed 
Jjopko8pinauE 
Mcloptfrrha nipra __ 

Paroaria cucullata^^^^ 


nam^ Hmmlyer 

BlaclE-crested flnc ^ _■■ 

Cuban bqlifluch^,____ 

SoDsr spiirmw___- 

Bmztilaii €unllDAL__ . . . 

Black-earcd COrdliiAL..^__ 

Fox si^raw. 


PoEscrinu vcr^icolor-^ _____ Blue bandog—__ 

PkrtrptrH* olaudiiiof—.... Cblleun iart flncJi. 


PhrjtffiluE fr^tictU __ _Mournlnff flacli _ ___ 

PKrpffUiit ffaj/i ---Car's grar-beaded 


Faroaria pwtarU niffro-p^U _ 

PaEEerelia^ illaca^ ____ 

PaEserina ___ Lasmili banHng^^__ 

J^aA^erfna trpajtea ____ Indigo buntloi 

Po^tcTtfu EecJiancA^__Lcclandier'a bnntJng—..__ d 

2 
1 
2 
1 
4 
2 
1 
2 
4 

a 
2 
2 
2 
1 
a 

4 


JZfcAmond^fna pardinallli. 

Bcrfnva _._ 

/fai:f:icifa____ 

Sicalig iuteola^ ___ _ _ 

^fraZU _— ___ 

SpinME uroppffiatiE ___ 

BporophfJa aitHita. 


Citrdlnnk 
Cbnarr_ 


Mysto flnch- 

1^ Efron fineli—_ 


Lesser yellow Oneb-__ 

Chllenn siskin ____ 

Eick'B Beed-eatet__ _ __ 


Bporophifa ffutimrali* _^__Xollow-blUcd SGW:l-eater___ 

Tfariff oli^aeea _____Mexican gmssqult 

FoffffinZ# /flcofifni.... Bloe^blnck groBs^uIt.-._ 

ZonofrZcAld aiticGliU __ Whlte^tlirojited gparrow. 

ZoflofrIcMa capeMlE _____Oitngola______ 


REFTILEa 

LD&ICATA 

Crocodrlldae: 

AlUffator miEEiEtipimtit^-^ __Alltgqtof __ . 

drUfrafor «fneH^4_CMacse aUlgntor__ ... .t, 

Cafntnn -- BroBd-snouteil Cfitman-__ 

Caitpwn #oferop«_Si>ectaclecl cnltD&D — 

Cnwd^rfiM QcuZtM____AmerlciLD crooodUc_ _ _ 

Crocodplut caXdpArncfWf__ Narrow-nosed crocodile_ 

CrocoAuluE niloticuE ____African Crocodile...___ 

Crocodplvt paltfffZriff____ “Tfind" crocodile^—--_— 

CrocodvlUE poroiKt._—---- Salt-water crocodUe^-.- 

CrtHrodptsE rhombifer^^ _ —Cuban crucodile^^™,—-- 

Oj/evincTniu fe^ru^pte_____Bio^d-fiosed crocudilew.- 

SAC;t£A 

Gakkonldoei 

Qekka pocJto_Gecko____ 

Igmintdae: 

dfioiii caroffaeatit______ False “cbameleon** — 

Crofapkptii^ votUirit __OoUaned ItStrd——-- 


21 

S 

1 

3 

4 
1 
2 
2 
1 
1 
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beftiles— cont inued 

ei^uBiA—CDDUaued 


mams 

IfQftnEd&e—Ccntinilod 

fffKflrrfl-- - 

i’ArvTiosoTna comuf - 

iSc^fopc^rv# «nduIaliM- 

ADgntdae t 

Olthi^auruM r^traUM — - - 

A^ODiidne; 

VrOmaMtix ^ 

Helode^noatldae: 

He^ad&rma AofrftfiitFi _ _— 

T^lldne: 

CrtfmfdopAonu iftrlfneartw^-^^-^ 

/diidafiu^— __ 

Tiliftua ™ 

Yarouldae: 

TaroAUfl --- 

VnmnuJ — 

Varanvt niloticiu _ __ 

Vti roniU ttf Jrfl tOT— - -■ . 

ZDDTirldfle! 

S^onunts ffi^antcu^ _—__ 


Commtom mm^ 

__ CotniDftD E^ana..--1 

_ ^ Hnroed IJiartl __-_ __fl 

_ Pine or fiiuice llwirtl^-^,- - 15 

_ _ _ Glass mnlEe or l-egle&s ltord_ R 

North Afflean tpUy talled 

Moicicfln benJod ltzftrd____^- 3 

,_GJla moastet-^- 5 

ati-lined race ruiiner __ 1 

_ _ B|D 0 -iailed eUnk_ 2 

—_rtiae-tOMgucd lizard-2 


__Komoda dragon- _ _ 1 

___ IndEiiQ moDltor__ 1 

_ Nile tnoftltor _ _ _^ 2 

_ __ Sumatran moiilior __ — S 


African fiidny lizard— -- 6 


Boldae: 

Caf^Aarfa relnhardtii _ 

Constrirt^ c^tutrictor^^ 
CoRstrirtor fmpenito/_ 


^pierarra ceircArft__^ 

Epterafei eraaiiM„___ _ _ 

Ar|7fcraf«f iiriRtut ____ 

EunfxUi fnnnnMa^^.^____ 

Pj/ffton BfoZurM- .__ __ 


Fjflhon _ 

Tropidophi* meldfitfrv#. 
Ck»labrldae! 

Coluber coFT|frfcfor^___ 


Go/yber jf^ir^iryai^____ 

/HadOphlt pHTKlOfW..___ 

Dluodon aemloaHRafvm. 
Drym^rthon cor^li- ociMpcH. 

Etaphe puttai9 _ 

Etapht obrci^ila..,_ 

Heiefi^on cont&rfrir^^ _ 

L^mproprUU prfulva. 

Nafrizi sp™__ 


Barrowiug python^^- 

Boa consttrietof—_ 

Central American boo- 
Rainbow boa- 

Salamanta-- 

Haldnn bo6^__ _ _ _ 

Anaconda __ ___ 

Indian rock python. 

Ball python__ __ 

Cohan boa- - -- 

Black Bnake _ _ _ 

Conchwlilp- - - 

lUnp-necked anake.^— __ _ 

AhamBtflh____ 

Indlifo quake___ 

Cora anake™^ __ 

Pilot anake_____ 

Hop-Dosed _ 

Chain king snake_ __ 

Water 


1 

1 

? 

1 

1 

1 

1 

1 

1 

2 
1 
1 
2 

3 

4 
3 

5 
1 

15 
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fi£FnL£fl—continued 


iIKP£NTC0—COQtlnunl 


jrdcnlifBo nam€ 

0>lubrLdae—Contliiued 

Nutfix __ —__ 

+Vdfrif _ ____ 

OTj/ifelii fulffidtts __ _ _ 

i^iuopftu Tndflncireucv^^ ___ 

f^for-enffl dskapi _ ____ 

TAontnopA^ ordinctidfs —-—^— 

TAomnOpAu __ 

TAm^opf /dcJtdCHti_ ——_ 

Eiaptdoe! 

Safa irfftanc^cttca ___ 

Nafa naja. __ ___ 

OrotulL Jae: 

tMoJtejcm _:__ 

Vrotatui l^rrifScm^ - .—^ ^ 

rrfjwFrstHnM 

Vlperldae; 

Fjp«m ra^KVii --- 


HSHW ]VhB|I«T 

_Indlao water snabe-^__ 1 

_ _ Water eoAbe__— _ — - 1 

_ Qr^n. tpee stiak^—- 1 

_ BdU snake _ _ _ 2 

__ I>e Kay's szkBk0_^_—__ S 

_ WfcBlern gartsr — 2 

_ _ Garter Bnakew.___ 10 

_ Black tree Bnnke, __ —^ 1 

__ West Africaa cobra-3 

IniilBn cobra __ —---— 6 

.____ Copperliead snafee-^ -- - 3 

__ BqdUi AmeHcan rstUeBnake-- 1 

^— ——- 0 

_ EDBseira Tlper-^—l 


TEsnmnfArk 


Cbelydldae: 

jEfci/rdrhein ufl ___ 

_ Soutli American 

slde-uecked 




Hi/drastds k® 

__ 

__South American 

snake-necked 




zrpdrcHnedasa tcctifcra^ ____ 

_Soolb Amgrlcan 

long-necked 


turtle_ 


Pltiiemjti platyeepAaia—— -- Flat-beaded tnttle™.—-—--— 

Platysternidae: 

FXafiftteniiim m^ffacephalvm - - Large-headed GMnese turtle— 

Pelomedualdae t 

Pelomcduaa pahaia _____Common Africa □ water tor- 

tol^ - —-- - 

PodocRettifj iSriMintj) ___ _ _Soatti Anierlcaa rtver tortoise^ 

KtnDsteraldaei 

Kino^tmion ap__ _ _Central Amerlcua must turUe^ 

i^inottenioit ey&njftrain„__^ - Must —--— 

Cbclydrtdne: 

Cfcc/ptfra scrpentfna..,.— — . .. — Snapping turtle,^-— —— 

l/acrarAelpa leiwinlJtcJWf— — —— - Alligator anapplDg tmlle__— 

Testudlnmae! 

C'Arpjefnpf mari^inata^^ _—— Western patnted turtle—- - 

CArpjempt pfcta.. . ..Painted turtle- --- - 

CtcTJimps ffvliQia --- Spotted turtle— ^ — 

C^moips rnicwlp/a___ ___— - - Wood turtle --— 

Cyctciwps amhoinenait^ . . .. b03C tiiTtle——— ^ 

Gcocletflyj fu&trf^upv - - - -- Sianaese field tUfiLe -— -- 

Oewinvda manni __— - Crttft Rhan terrapliu-^—- 


3 

3 

13 

1 

1 


1 

1 

1 

4 

3 

1 

3 

6 

3 

2 

1 
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sEPTiLEfi— continued 
tgstcdlkata — continued 

JSCfcuLtiAiS MdUtf nawwt Num^ 

Tcatudln idne-^ontlimed 

£7rav/«/ij/« barbouri^ ___EaiUoiir'e turtle-^— - 

_ African liiri^badc turtle —B 

cettfniftf— — __— Diomoad bact 

Pteudcmyt concina^ - —— - - Gtooter*———— 3 

Ptcvdsmyt — Cumberland terrnplia- 6 

P«etidcm]/j miata _ ___.__ CentnU Aroerieaa water turtle- 1 

Fj«idc 7 nj/j rvpeta_____Cubno terrapin-.-—- 1 

Terrapcfw sp, _____ _ __ .Meilcnn boi rurtle___^ - 2 

Tcrrapcne corMna ----Bni turtle--—--—60 

rerrajwKie ma#or____ Florida boi turtle- 4 

Teffudu rfenffcuiff/a______ Stiuth Amerlcazi laud tortolffe— 2 

Tctffudo cpAipplupfi-..--—___ _ Duncan Mand tortolBO^— 1 

AoodnMta__ _ _Hood tblHud tortoise,^ - 3 

Tctfudo __ Soft-slieHed land tortoise-—— 1 

Te«ftido ____Albemarle leland tortoise— — 6 

Trlooycbldne; 

Amy da fmx _—_ —_ _ Soft-slu^led tnrilo^. - — - 6 

Amyda MunfritU ___West ACdciiD Boft-sbelled tur- 

AMPHIBIA 


CAUIUlTA 

SalaELfefindrldQe; 

Tri^umt pifTThoffoatcr^^^ _—___ Red Balatuander._ . __ ^ 

J^nfunr^ foroms. _ _ ___—_Clant newt_____ 2 

Trifum# _—---- -Comnmn salanmuder____1 

Ampblunildite l 

AiajjA/uma iHran3__-_ _ ___BUud eel or conpi saako-—_ 1 

Aiub^stoinldae: 

fnacKlulirm—__—-Spotted Mlamander __2 

.Iffi&yiioTaa inprifiwm--._ _ _ _ __Axolotl___ 24 

saluntia 

Dcfidrobatldae; 

Ai€lopti4 ---Black iitelopiiB___,____ 30 

AMopvs r^Fiua trumffcr —_____ YeUow ateluptti^— 2 

Dendrobaia anralu ^—- - --Arrow-polson frog_ B 

Bofonldae: 

Bvfo eimcrfcuxiw, - -- Common toad_ _ 12 

Hu/O - -™—Sa|>c> dC f^nTi pha _ g 

Rttfo manp.Pf3__„._,_„__^-_____ Manne tood_— _ 3 

Bufo peUo€cphalu4 ---- Cnbiui ^lant ttJad_—__ I 3 

Ceratopbrydae: 

Ceraiophryi Homed froE - 2 

njiidae: 

Jeriff pryUm —— ——_—_——— Cricket fro^^__ S 

Bpiu cTwci/rr-. - ----Tree frog___ g 
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AMFiitBiA—oont mued 


ajLU»«TXiS^au tipuod 


firfcHf Ohr Rflmir Comm^ihuihi* JfiinbiT 

PKpldu«: 

Pipa amerieana _______Siirlnaoi todid—--——- 12 

_ _— — xlfi'ittia cliiwed 32 

Rauldse; 

CaMhei^na _____ BoUfrrti^---—-—--— 4 

^ana c^amitaaa ____Gr^a trof..- —__ 3 

Earn ___*___West Atrlcaia —«_ 1 

BsTia __—- - -- Leojh&rd frc^—_—-15 

Rurm ___ Wijofl trog -^-^————— 4 


FiauEd 





1 

Wrtf^Aiijr frfivfitl .. 

Ciuwu barb—^^.^ __ 

a 

fumriif'nifi 


22 

(7nnifAfii4 riuraf-u# 

- 

35 

^hotitia agiaiitv -— 

Sriake head^— _ ___ 

1 

Tr* rw^ mf TfV PU'" HiHiM m Mi— m — — j — h m 

l^rtr^jrfnrvTf np 

Catfish 

2 

Iliintiii inurlje hflr^FfhrJ __ 

Blufr danlo.^™ ___ 

7 

DaniA r^rin 

Zeh^ ^ . 

a 

/^vtAti.nimritw9thtiM _ _ 

BUtck tgtfa—--- . - 

5 

JFi^in jf^rflfflinll^ jup__ 

Etiftijoa Aires_ 

2 

B}/ph ESBortffycon -fHnfifff- ______ 

Neon tetra ftsll— 

2 


Glnss eatflsh__ 

2 


Gupfi'j' ^_-—— _ - ^ — 

100 

L^iilQtxri^ pdfifkl^ „_ _ _ 

South Amerioin lungfish— 

2 

T/iwuij^ Pf fffTf^r - 

C^han llmiiL ___ 

10 


Paradise fish 

14 

.IffTfAff ^j|f fq. Iij _ 


e 

J/’&ffuNlifld'A . . 

Yktory Eoolly ___ —- - 

20 

Pla f If rtfuWItm ... 

Ited mooD 

20 

M I IP V'l WVh V W-M MM^a. UIII.PI 1 l.iiiil > »!■ m 

PdO llfD0A^f.UJ fllfZf*Ji£li;llLfl ^_ _ 

GoldpiBtiea ___—- 

12 

^ ^ 1# ¥ 1> "WW if — ■' — 11 r ■■a.M^ 

Pl^/u ti-j| gjp 

AtmcKC^ catfiah^^ 

1 

Priitclia rtddlei __ _ 


1 

■■ r ■-^■•V^IV P f li Ult'^rM M. AM — ■ ■ ■— . " 1 M ■ .MMM 

PtYlp ^n|p P W«JI irt-H-H/vIf^jr 

Atricfiii luD^fish- __ 

2 

PferaifFt-ulfutti taileret _ __ ___ 

Aa^t Oah ^ 

X 

T imrp !bPj|iri.M^i n pf ppi v%iU-iui %r —— ™ mmmim mw m mmm mi 

^Arrqgvj-^^ipj- i __ 

Pirtinha or c'atmlUal — 

1 


Bine eoaraml._ __^ 

1 


j Swordtail --- 

1 

X^pAoplwu# bellBri ___—— 

1 Tuxedo swordtail -— ——- 

3 


ABACHKIES 


IjafrfidftMUt nulAfOJU __ —. 

Black widow spIder^___ 

1 

■ ■ V*-PVV W aPWVl^" ^ — i j — m ——■ 

^Ut^j iwi-Ticriyi vn 

Taniutula --w 

2 

§§f^U‘mfrw%M JyJi* —- — ™ mmmmm 

Centriiroldet ot'deBlP __ 

MexUan brown acorpSoo— 

1 


rxEECTS 

-_ GUtTkl i^ockmacb- 


Bla^a WP _ 


_ m 
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VOLLlTSSa 

nom* tutm€ jrirnA#r 

urAalfrtQ^..____Giant land nmll--2 

SCAIMARY 


AhIhuiIa on tuind Jnl^ 1, IM5 -- 2,623 

A^n^iaaioDs darJnx (Jie —--^ 1 , 18 ® 


Total 1 ^ limber of animola La collection dniiDE tbe ___B, 731 

H4?iDoiralB for vaHotu rooflontt mch be deaths exclionEca, r^ra of 
animat;^ on deiH^t, etc-^—...1,1TS 


fa coIlectLon on Jtino 30^ ItMS-^--^--2;EK3 


BTAITS QW COCXBCTlOlf 


ClkM 

aoKtai 


Clate 

6P«Sh 

lElll 

Miitnfliili ... .. 

7XX 

CIA 


: 1 

lOO 

ninli . 

tST 

n% 

M(llluifc4,.„„^---- 

] 

1 

.irr..rr.rTr-.-.. 

AtteCiUMted 

M 

tl 

423 

ITT 

IM 

Afi^Uldl....... 

t 

i 

II MIIB.................. 

7T 
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Respect fully submitletL 

W* if. iLixx, Director. 

Dr. A. Wktkoke, 

Secretaryf Smiihioniaa Imlitniion. 

























APPENDIX 8 

REPORT OK THE ASTROPHYSICAL OBSERVATORY 

Sih: I Uare the lionoi: to submit the following report on the opera- 
Lions of the Astrophj'siual Observatot^ for the Gscal year ended J une 

ao, 11H6: 

Thu Astrophydeal Obscrvntoi-y eomprises two divisions: (1) The 
Division of Astrophysictil Research which is devoted to a study of 
solar radiation, and (2) the Division of Radiation and OrganisniB 
which investigates the effects of radiation upon organiains* The Ob¬ 
servatory is e^ipported largely by Congressional appropritttioiij 
amoutiting in this fiscal year to $51,030, and in part by private fends. 
The equipment and housing of both divisions have remained nearly 
unchanged during tlie year. 

Cl I OmSION Ot AfiTBOrUTSlCAn IU£SEAJICU 

Work ai W^^hinf^ton.—lT\ addition to the usual routine of coriret- 
ing, recomputing, and verifying the solar observationa as received 
from the three field stations (Mouteiuina, Cliile; Table Mouiitaiiit 
Calif.; and Tyrone, N* MeiOi ^ tabulation was made, after critical 
Study, sununarising the solar record for the caieiidar year 1045. 1 hese 
Values add another year to the great table of volume 6 of the Annala 
referred to in last yearns report. Progress has also been made in the 
continued search for possible impix>vement3 in solar-con slant instru- 
inentation and methods* A new vacuum bolometer, designed by 
B* Clark, teclinologist of the Observatory, la in preparation. This 
new di^ign will eliniinLite the gradual l«^of sensitivity which we have 
noted in tlie past arising from certain impurities iti the vacuum 
chamber. 

Reference was made in lost years report to a contract, signed in 
June 1945, with the Office of the Quartermaster General, Army Service 
Forces, under the teru^ of which the Obscrvitoiy is to uiaie a detailed 
study of sun and sky radiation at Camp L^e, Va.^ as part of extensive 
t^ts in progress there to determine the causes for the deterioration of 
tents and tent fabrics. It is known that radiation from the sun and 
sky falling upon c-icposed fabrics over extended periods is a factor 
which havens deterioration in the fabrics. Practically nothing is 
known, however, of the amount of radiation re<|uiriKi, nor of the part 
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of llie spectrum most active, in the degradation. The development of 
suitable inatruments and methods for this radiation study at Camp 
Lee, the iiistallution of the equipment, and tlie organizetion of the 
observing pi’Ogmm occupied the time of most of the stuff for several 
months. The type of instrument adopted is a special form of the sen- 
sitive, quick-acting thermoelement which Mr. Clark has developed 
and used in many lines of research, Bight copies of this instrument, 
all automatically recording, w'cre prepared under ilr. Clark’s direc¬ 
tion, and ate now in successful operation at Camp Lee, Special glELss 
filters, hemispherical in slmpe, are used to restrict the instmment to 
the measurement of nidiution in known parts of the spectrum, De- 
ficriptioD of tliese iustrumenta is given in a report soon to be issued. 

Dr. Abbot has continued his researches correlating solar activity 
with weather changes, and has published two articles on the subject 
during the year. 

Publication of Dr. Axetowski’s studies of terrestrial and solar at¬ 
mospheric cii'Culation iias been delayed. Dr, Arctowski has uncovered 
certain interesting phases of the subject which he feels require further 
study. 

Work in the feld ,—Notwithstanding the continued handicap of 
manpower shortage, observations were made on every available day 
at all three field stations until February 1046, At that time the Tyrone 
station was closed because of the resignation of S. C. Warner as 
director. Since the sky conditions at Tyrone have been progressively 
lass favorable during the past 4 years, probably owing to increased 
smoke and dust from mining operations in the general vicinity, the 
closing of this station is not too greatly regretted. At the end of the 
fiscal year arrangements were nearly completed to install the Tyrone 
equipment temporarily at a wet, sea-level location in Florida where 
vuluiiblc observations can be mado concerning the transmission of 
radiation through water va[)or and related problems. 

The progriiirn of observations of sun and skj’ radiation at Camp Lee, 
V'n., begun in December 1945, is still in progress. The obsorvationfl 
are made largely by personnel of the Quartermaster Bfiard working 
under tlie direction of Mr, Hoover, This has iiecessitutcd frequent 
trips by Mr, Hoover to Camp Lee to install, supervise, and inspect 
the work. From tJiese Camp Lee measurements, a great volume of 
information is accumulating concerning the kind nnd amount of 
radiation, for each hour of each day, that falls upon the tents and 
exposed panels. These data will he summarisjed and published at 
internals. The first report is expected to nppear shortly. It is con¬ 
fidently hoped that these measurements will help to explain Uie causes 
of exposed fabric deterioration. 
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In Axigtx^t 1945 Dr* Abbot spent several weeks at Mount Wilson, 
Calil, testing his new radiometer and developing plana for improved 
apparatus for measuring the energy spectra of stars. 

{21 OTVISION or RADLlTlON AND OKOANlSMB 
(Repari prepared hj Dr. Earl S. JohiLBtoD. Asststant Director ct the DItIbIod) 

Project 1. Photcs^ynfh€cis.—l^ov tlie accurate detenninatiort of 
carbon dioxide absorbed by green plants in the process of photo- 
ay ntheais it is necessary to coiTcct for the amount of carbon dioxide 
eliminated in respiration* Before many of the fundamental prob¬ 
lems arising in this study can be solved it is absolutely necessary to 
improve the accuracy of the apparatus designed for the measure¬ 
ments of minute changes in the concentration of carbon dioxide sur¬ 
rounding the plant. During the past year much time has been given 
to this work and many experiments carried out. Bespiration cxt>cn- 
ments have been run with barley seedlings, and small animals such 
as the cockroach, cricket, and grasshopper, A most interesting and 
unexplained respiration rhj'thm has been diKrovered in the cockroach* 
However^ this phenomenon as well a^ an apparent water-vapor effect 
cannot be fully explained until more work is completed on this delicate 
and highly sensitive apparatus. 

Project £* PUnt The study of plant growth under con¬ 

trolled artificial conditions of mineral nutrition^ iliumination, tem¬ 
perature, and humidity has been continued* The experiments carried 
out on wave-length balance indicated a need for improvement in the 
technique used* Fuilher work along this line is being pursued* 

MoiSt of the work under this general project has centered around 
the problem of the role of the enviromneiit in the growth processes of 
cereal seedlings. The effects of radiatioiij which constitute the prl- 
maiT problem, have been found to depend upon other environmental 
factors, such as temperatusrCi water supply, humidity, and chemical 
composition of sul>stratc so that it has become necessary to evaluate 
the importanoe of th^. Some of the ob^rvations and tentative 
eoncluslons from these as yet incomplete cxporimentis are listed: 

fl* Dcveloprfi^fit of tecdlhig as whole .—^In the growth proce^Oft 
of grass seedlings a sharp distinction must be made betw'ccn the rate 
of growth and the ultimate amount of growth. These two properties 
appear to be antagonistic in the sense that the slower the rate of 
development of a given organ, the longer docs growth continue and 
the greater is the final size attained. 

The rate of water absorption appears to be a determining factor in 
controlling the growth proceises; the effect? of certain other environ- 
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n>entaJ fnctors can be interpreted as resnlting from an Initnence upon 
tbe water uptake. 

&. of coleopttle - —A marked effect of temperature upon 

the growth inhibition of tho oats coleoptilo by light has been obgerred 
Below 25* C- the mhibUion is independent of temperature; between 
25* end 30* the inhibition effeet becomes smaller as the temperature 
increases; above 30'^ there is no inhibition and possibly a slight stimu¬ 
lation by light Tliesa statements apply, of course, only to the specific 
conditions of intensity and wave length which have been studied. An 
improved tlierrnostat is being constructed so that the experiments can 
be extended with greater precision. 

e. RooL — A very interesting effect of light upon root growth has 
been noted. Roots which are caused, by mechanical restraint, to 
grow in a horizontal direction elongate at their nomial rate in dark¬ 
ness, but are greatly inhibited by light In addition to the interest 
in the mechanism by which this result might be caused, it Ls noted 
that red light is effective, indicating the presence of a pigment which 
absorbs these wave lengths. 

d, Histologlca] studies of the mesocotyl have been initiated 

in order to correlate the gross effects with the cellular development 
of this organ, 

I'eoAni^e ^ — In cultures of seedlings at high humidity and tem¬ 
perature a complication is introduced by the abundant development 
of molds. Considerable time has been devoted to devising techniques 
for inhibiting mold growth without influencing the development of 
the higher plants* As the result of tests with about 200 fungicidal 
chemicals a few have been found which appear promising, Stcriliza^ 
tion by ultraviolet irradiation also has been found effective. 

FEBCSONNTX 

On March fl, 1946, the Observatory lost by death Lyman A. Fillmcn, 
instrument maker for the past 15 years. Ills place was filled on April 
8,1946, by Darnel G- Talbert. 

A, G. Froiknd, on military furlough since July 3, 1943^ returned 
as astrophyacal aid November 10, 1945. In February 1946 he was 
promoted to associate astrephysicist and transferred to Montezuma, 
Chila, where be assumed charge of the Montezuma station, replacing 
F. A. Greeley. Mn Greeley returned to Wasldngton in Slay, and at 
tho close of the fiscal year was enjoying a well-earned vacation* He 
and Mra* Greeley had for 3 years carried on the arduous work of the 
Chilean station unaided. 

In September 1945 A* F* Mooro^ director of the Tyrone station, e:x- 
changed stations with S* C* Warner, direetor of the Table MonnUm 
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station. In Januaiy 1946 Mr. Wamer rasigned to retarn to tbo teach- 
iog profession. 

FunlJcaTioKa 

During the fiscal year the following publications on the work of the 
Observatoi^ appeared: 

AesorT, C. G.t CornelatloDS oC aoLar TarlatlGD wLtb WostLLDgtDD we&tli€r. 

Bouian Mix. CoLL. toI. 10k Nol 13i Jul^ 

Awr, C. 1045-134® ttport on tbe ET.OGl'l-dQr cycle la Wa^liJo^tOa precipi¬ 
tation, S^mitbsOEilao MSsc* ColL voL 104, Xn, 2k Harcli 104®, 

Annor^ C Q,t EneT:ey spectra of EtarA Baiittisonlati Mtii& Coll., toL 104, Ko. 
April 1D40. 

Aanor, C. G.+ Hoov'Hfc, W, H,, and k fien^UiTe iradlonmEer* SmlthBon- 

laa Mlsc, ColU toI, 101, No, 14, Aii^t 

Ajj^mlcb, L. Tbc Eular co^otfint and eimspot aumbera. Smltliioiitaa Mioq; 
ColU toJ. 104. Ho, n, mi 1&15. 

Respectfully submitted. 

L. B. Alueich, Directar, 

Dr. a. WmiORE^ 

SeereUtty, Smitfitonian Instiiution, 


APPEmiX 9 

REPORT ON THE LIBRARY 


&Dt: I have the honor to submit the following report on the actiri- 
ties of the Smithsonian library for the hscal year ended June 80,1046: 

Ae the fiscal year l!>45-lt)46 drew to a close, the library, as an 
organic part o| the Smithsonian Institution, approached the hun^ 
dredth anuiTersary of its founding on August 10,1846, for service in 
^'the increase and di Juslon of knowledge among men,^ 

To anyone to whom books are a perpetual source of exdting revela¬ 
tion of human experience and accomplishment, and of the working of 
men’s minds, a backward glance at the hutidi^ years of tlie library’^s 
history furnishes the outline for a richly colored picture of books in 
uso in advancing the boundaries of knowledge. Section 8 of the Act 
of Organization provided for “the gradual formation of a library com- 
posed of valuable works pertaining to all deparUnonts of human 
knowled^,” tmd although this universality of aim was later modified, 
of necessity, the continuity of purpose in procuring “a complete collect 
tion of the memoirs and transactions of learned societies throughout 
the world” has never been broken. The collection of this and similar 
important material, begun with the founding of the Institution and 
now forming part of the Smithsonian Deposit in the Library of Con¬ 
gress, has nut been surpassed for size and completeness in the library 
world, while the working libraries built up at ihe Institution to serve 
immediately the Government bureaus it administers include many ex¬ 
ceptionally rich collections of material on special subjects. 

But even a hundred years ago, the acquisition of books alone was not 
the whole concern of the Institution in forming its library. Secretary 
Heniy was keenly interested in making it “a center of bibliographical 
knowledge” as well, and the first librarian, Omrles C. Jewett, a man 
in advance of his time, was a pioneer in proposing ond devising the 
schemes for cooperative cataloging which, as later developed, have 
done so much to facilitate both die scholarly and the popular use of 
libraries. He early recognized what the lute Lord Rayleigh put so 
well when, many years later, in an address before the British Asso¬ 
ciation for tile Advancement of Science, he said, “By a fiction as 
remarkable as any to be found in law, what has once been published 

• * • is usually spoken of os‘known’and it is often forgotten that 
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the rediscovery m the librnrj' may be a more difficult and luicertam 
process than the first discovery In the laborntory.^ 

The impoiiimce of making this “rediscovery in the library” ea^ for 
serious students was never so urgently impressed upon librarians as 
during the late vrar, when libraries were overrun by r^earch workers 
from the war Hgeitci’es. Then as never before did both the e^cllenc iea 
and the deficiencies of library cataloging and of reference and biblio¬ 
graphical services come to ligliL Just how large a part hooks played in 
w inning the war it is impossible to say, but many a tale could be told 
of the finding of a fact which, like the proverbial hoi^oo nail in 
reverses helped make victory possible. The Smitlisoniam library ia 
gratified that it was so esteusively used by the war a^ncies. It, m 
turn, received no small benefit from the experience gamed in serving 
them, which b of especial value in making constructive plans for the 
improvement of its catalog and for the betterment of its service in 

gencraL ^ 

VJ-day, coming as it did early in the fiscal year, made the years 
history one of conversion to the postwar activities of rehabilitation. 
Before the war was over, publications had alieady begun to coma in 
from the liberated countries in Europe, and aa the year advanced and 
shipping conditions improved^ mote and larger sliipmetits of material 
that had accumulated abroad arrived^ Through the Internationa! 
Exchange Service, 4,»3T pieces were delivered to tlie librory, in com¬ 
parison with 540 received the previous year^ 

The acoe^ions division recorded the receipt of ST,143 pieces alto^ 
gether, an increase of more than 11,CK)0 over the your before. In ac¬ 
cordance with routine procedure, all documents, dissertationsj and 
other publications not ijnmediately pertinent to the w^ork of tba In^ 
stitution were sent directly to the Li binary of Congress and there were 
of these, while tlie total number of volumes and parts cataloged 
or entered for the Smithsonian Deposit was 5,016* 

Among the 1,303 purchased books there were a number of out-of- 
print works which are noteworthy not so much for their rarity as be¬ 
cause they filled some special gap in the col lections. A few of tliciu 
were: Tlie Game-birds and Water-fowd of South Africa, by Boyd R. 
Hotsbrugh, 1912; Etching, an Outline of Us Technical Proces&^ and 
its History - * by Sylvester K. Koehler, ISSS; Miniatuns des Cinq 
Sieclos, 1920; A Histoiy of British Birds, by Frauds O. Morris, 8 
volumes, 1863^7; leones Filicum Jfaponiae, by Miusaauke Ogata, 7 
Volumes, 1928-^6; A Voyage in the South Seas, in the \ cars 1S12,1813^ 
and 1814, by Capt, David Porter^ of the American Frigate, the 
1S2B; Anders Zorn, Aquafortiste, by Axel L. Romdahl, 11123; Hand- 
buch dor Entomologie, by Christoph W- M* Schroder, 3 volumes, 1925— 

TZWOS—4T-—D 
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29; A Btief HIstoty of Old EogUsh Porcelain and its Munufac' 
tories . , by Louis M. E. Solon, 1903; Travels of the Jesuits, into 
Various Parts of tlie World; particularly China and the East- 
Indies . . . Translated from the celebrated Lettres cdifiont^ & 
curieuses , , . To v^hich is now prefixed, an Account of the Spanish 
Settlements, in America, with a general index to tho whole work, by 
Mr. Lockman, 2d ed., 2 volumes, 1762; American Lace and Lace 
Makers, by Mrs. Emily Xoyes Vanderpod, edited by Elizabeth C. Bar¬ 
ney Bud, ltr24; Arcana Entomologlca, by John Obadiah Westwood, 
1845; A V'ojage Round the World, in the Years MDCCXL, I, II, in, 
IV, by George Anson, esq; now Lord Anson, Commander in Chief 
of a l^uadron of His Majesty’s Ships, sent upon an Expedition to tlie 
South-Seas. Compiled from his Papers and Materials, by Richard 
Walter . . . Btli ed., 1T49. 

Gifts received were even more numerous than in the preceding year 
and numbered 4,LOS, exclusive of the Gihuore collection on vertebrate 
paleontology which arrived late in the year and has not yet been com¬ 
pletely counted. Mrs. Gilmore’s gift to the National Museum of the 
late Dr. Charles W. Gilmore’s private library on tho subject of his 
special studies is an important one. Its 600 volumes and especially 
its hundreds of reprints and separates arc invaluable to the work of 
the division of vertebrate paleontology where it will be housed os a 
part of the division’s sectional library. 

To the many other donors of useful books and papers the librarv 
IB most grateful. Coming as they do from friends of the Institution 
all over the world they often supply needs in the collections that it 
would be otherwise diHicult to fill. 

Toward the close of the fiscal year the Institution was so fortunate 
03 to receive by transfer from the National Academy of Sciences about 
850 parts of valuable old scientific serial publications needed for the 
completion of sets in the Astrophygical Obseiwatory and the Museum 
libraries and to fill other lacunae in the collections. 

^Fith the reestablishment of interrupted exchange relationships all 
over the world came also the opportunity to share in the rehabilitalioti 
of destroyed libraries. Several thousand pieces were withdrawn for 
this purpose from the iibraiy’s very largo collection of duplicate 
^rial^ parts, some 1,800 of them in response to specific requests from 
individual libraries for certain titles, but most of tliem to be used in 
combination with similar materials from other libraries collected and 
to be distributed by the American Book Center for War Devastated 
Libraries. It would be possible to do more of this very gratifying but 
time-coDsuming work, as well as other much-needed work with the 
duplicates, if the library staff were targe enough so that a competent 
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member, with suitable assistance, could be put in full-time charge of 
the collections. The dupUcates have never been fully organised nor 
thoroughly studietl, They include much material that would be valu¬ 
able in arranging special exchangea with other libraries for compara¬ 
ble materml. Since the termination of the WPA project under which 
an cicellent beginning of their proper sorting and filing was made, it 
has not been possible to continue any ^stematic work on them, a^ 
the large annual additions that are made to the collections are nhuost 

wholly unarranged, - * * 1 . *i„ 

The cataloging of purchased publications and of most of the other 

currently received material was well kept up, but t here was little oppor¬ 
tunity to make additions to the union catalog of records of tlie older 
publications belonging to the bureau libraries, and none to make 
progress in reducing the huge “backlog^ of incompletely or inaccurately 
cataloged books. The inadequacy and incompleteness of the catalog 
in leading quickly to the information in the older ™terial in the 
library was distressingly obvious during the war. The cataloging 
problem is a serious one, and the only satisfactory solution of it would 
seem to bo to make it a special project organized ^d plnnnetl to be 
completed by a staff especially engaged to do it within a given period 

Changes in Uie libraiy’s personnel were the resignation of Mrs. 
Margaret I* O’Kecf on November 2,1945, and the appointment of Miss 
Lillian Treder to succeed her on Jane 17,1946. 

The most urgent of the library's needs continues to l» more and 
better-arranged shelf room. Tlie present overcrowing is extremely 
serious everywhere, and in the Natural History ui mg, curren 
accessions can only be shelved by removing older 
sending them to the inconveniently located and scattered bits of she! £ 
space available in the attic stacks of the Arts and Industries Budding 
Both Uie books and the library service suffer badly from such an 
arrangement. The quiKitions of the library’s housing throughout the 
Institution, and of its cataloging,taken together, have grown o con- 
tute what amounts to a reorganizational problem. Tbt opening year 
of the Institution’s second century would seem to be a most suitable 
titae to look for its solution. 
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BUMMAEIXED ftTATlSTICB 



VoftlflJiM 

TdEbJ 
tmnitd 
T^lama 
Intrnm, I1HS 

Astnvbjilal ObHmIwrr (lodudEaai BAdEoIbio uad Orguniimiii . 

Biifi«&uarAmarlouiEiliiMogj. ... .. ___„ 

20E 

1E» 

4U 

2,m 

n 

],»7 

11,fi(20 

«fp>l4 

si.flyr 

4,L49 

£77,130 

Fmr-Q«llflrr of Art......... * _____ __..„l 

NnlliKUkl CdUeetioUiof FiaD AjU..,,,.. .._„j 

KfeiioDol MiiHum _ __......_ _ __ 

KbiIdoAI UeAagHiM jp‘vt ...... 

Bi&^Ehfiifilaa ENerpfsiL bt IbftMbnur of Caopoa-.. ..................... ... 

SaiktAwfiiL ACdet,.... ___..._ 





Xeither incamplete Yotuiues of periodicals nor separate and reprints 
from periodicals are iiicluded in these figures. 


Exchanp^ 

New mnf-aag^____________ 

01 of tliCBe were Designed to t!ie SmltliifflEiJaii DeposlL 

SpeclnJlj requeated publtcaiioELB re«lT€d—______,, 

iS9fl of ftoee w^Te olitiiliirNl to tIU gELpe fo the Defwsit 

aeta 




202 

0.2^ 


VoluniGD and pomp^tets tAtatogcid.-^^---.___ fl^l24 

Garda added to catalogs ond slicif lists__ _ _ _ _____25,32® 


Ecriadlc^ls 

PcricKlIcal pnrtB entered^__ ___ _ __ _^__ 12, £W1 

Of these ^ere sent to the SmilJisonKan Deposit 

t7frotrfal£on 


IxkftDB Of books mud perlodieatB_______ 10,223 

TblD agnre does oot inclDdc tbe very considerable Intnuntira] clrculD- 
tlon of books and perlodlenls assEpicd to gecUonnJ libraries Cor fiJinf, of 
wliLch Qo count Id kept 

Volomea sent to Ibo bindery_-_._______ 

Volnines repaired in the Mttsedii_„______ 0-10 

BcspectfiiUy submilfed. 

LktLA F, Claik, Librarian, 

Dr. Alexander WeraionE, 

Secretary^ SmitksMim Imtiiutiim. 





























APPENDIX 10 
REPORT OS PUBLICATIONS 

Sm: I have the honor to submit the following report on the publica¬ 
tions of the Smithsonian Institution and the Goveniment branches 
Under its administrative charge during tlie year ended June 30,1046* 

The Institution published during the year 16 papers in the Sinith- 
sonian Miscellaneous Collections, 1 Annual Report of flie Board, of 
Regents and pamphlet copies of 23 articles in the Report appendis, 
1 Annual Report of the Secretary, 2 special publications, and a reprint 
of 1 special publication. 

The United States National Museum issued two Annual Reports, 
0 Bulletins, and 6 Proceedings papers. 

Tho Bureau of American Ethnology issued 1 Annual Report, 1 
Bulletin, 2 volumea of a fi to- volume Bulletin, and 1 pubUcfttion of 
tho Institute of Social Anthropology. 

The National Collection of Fine Arts issued one catalog. 

The Freer Gallery of Art issued one pamphlet. 

Of the publications there were distributed 129,T50 copies, which 
included 149 volumes and separates of Smithsonian Contributions to 
Knowledge, 2&;257 voliunes and separates of Smithsoman MtsreL 
laneous Collections, 34,675 volumes and separates of Smithsonian 
Annual Reports, 18,tW War Background Studios, 3,356 Smithsonian 
special publication.^, 45 reports on the Harriman Alaska Ext>edition, 
32,887 volumes and separetes of National Museum publication^ 12,730 
publications of the Bureau of American Ethnology, 1,628 publications 
of the Institute of Social Anthropology, 10 catalogs of the National 
Collection of Fine Arts, 5 pamphlets of tlie Freer Gallery of Art, 16 
Annals of the Aslrophysical Observatory, 1,056 reports of the Ameri¬ 
can Historical Association, and 6,947 miscellaneous publications not 
printed by the Smithsonian Institution (mostly Survival Manuals)- 

SJIITHSONIAN MISCEtXAXEOUS OOLLB(mON3 

Sixteen papeta in this series were issued, as follows; 

vonrsre lo* 

No. 11. Tke W(«t Atlantic boritig molloalcs of Use genaa MurietUt, by Paal 
Bartacli and Hamid A Rchder. 16 pp.i 3 Pl*- IPaW. asOl.) July 2,^lW5. 

No, 12. The wHar ednstaat and numbt-i*. by L, B. Aldrlcb. G i*»., 1 fig. 

(Piibl. 8806) July 2,194& 
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Np, IS. CorrelatloAB of wlsr TPfIntiDD wltt WnahlDglon weather, hy C. G. 
Abhut. to i)p., 5 ScA (Pnbl. SSOT<) Jnl J" % 1943i. 

No. 14. A aensiilTP radiometer, by C- G. Abbot. W. H. HooTer, and L B. Clark. 
6 PPL, 1 &g. (PuM. 3606.) Ao£. 23, liN6. 

No, 15. A bibliography and abort biograpUeal sketch of William Healey Dallr 
by Paol Rartsch, B^irald Hebder, ami Beulnb £. Shields. OC pp„ I pL (Pttbl. 
3810.) January 30,1040. 

Kol 16. An important new sparies of oyster from North Borneo suitable (or 
Introduction in the Philippines, by Paul Bart«h. 2 pp., 2 pis. (PnbL 3812.) 

I>G«eiEbcr 52, 194Ij. 

No. 1?. New Weaivllle, Preble Ohio, meteorftCp b>’ E. F* HendersoP 

(md S. H, Perry. & pp , 4 pis., 1 He- 3^5.} January 30, 

No. 16, The ^eJetal nmtomf of fieas (Slphoaopterajp by R El Suodgrn^ 
pp,, 21 pis, (PubU 3S15-> April X ItHG. 

No. 19- SuQSpot chaugoa and weather cbaugeB, by H. H. CtsytoiL ^ OP., S3 
ftgfl. (PubL March €, 1^43, 

No. 20, ScblstoBomopboru Id Ghlaa+ witb dcscriptlous of two now sDieclea and 
a note on their Fhmpplno relatlTO, by Paul llartsclL 7 pp,p 1 pL (E^hL 3641.) 
April 10. 194fl. 

Xo. 2J, report oa the 27.0OT4-day cycle In WashSagton precipitation, 

by C. G. Abbot 2 pp. (Pabh 3S42.) March 27i 1940. 

22. Energy siiectra of stars, by C. C. Abbot 5 pp,^ 2 flga^ (Pabl. 3B43J April 
10. isia 

VOLUME 100 

No, 3. A list of fresU-wotor fisbea from Ban Jo&l Island, Pearl Is1atid.% Paii- 
amA, by Saainel F. Hildebrand. 3 pp^ IFnbL SS4T,> June 10^ 1&40. 

No. 4, Notei oa the herpetology of the Pearl laland-^, FatiamA, by Dorla M. 
Cochran, S pp. (Pubi 3613-) June 24^ 1046. 

No+ 11. Herlew of the New Worh! Species of Iflppodomia Dojean (Coleop- 
tera: CocclnelUdach by Edward A. Chopin. 33 pp., ^ p1b< (Fubl. June 

14,1040, 

No, 12. DiTfwrSptlons of two new leafblrda from Slam, by H. G. Delguan. 
Epp. (Piibt 3656.1 Juiin24. 1046. 

SMITH SON IAN ANNUAL KEPOtlT 

Rep&rt for .—The complete volume of the Annual Report of the 

Board of Regents for 1044 ivas received from the Public Printer De¬ 
cember ISj 1045: 

Annuial Hei^ort of the Baatil of Rf^nta of the SmlthsonEan Institution shoW' 
ing the opera tloua, cypeudEtDres^ aud condition of the Inatllotion for the year 
ended June 30, WL Ei+^OS PP 1 40 pla„ 09 figs. (PubL 3776.) 

The general appendix mutained the following papers (PublSL 3TTT- 
3700): 

Solar variation and weather, by Oharlea AbboL 
Astronomy In a World at wor+ by A. Ylbert Douglas. 

U^he Htmetnro of the imlvorse, by Ulaude WLlllam Heaps, 

Indufitrlal scleiice looks aheadp by David Sarunff, 

The now tnicroscopee, by R. E. Seidel and M. Ensabetb Winter. 

Radio aeoasRc ranging (R, A. R.), by Commander K. T, Adams. 
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Tb* DsTid W. Taylor Model Basin, by Kofir Admiral Herbert S. Howard. 
Hescarcb for acronsatlcs—li« pJaanlaf; aral aupUeatlon, by W, F, Fatreii. 
Huinaa Umlta la fliglit, by Bryitn H,C. Hittbews. 

TransrAwtlc aTlaUon, by It. Elmer PllBcbkie. 

Gut petnotean resources, bj Wallace E- Pratt, „ - t 

WchnIb and treca t Pbiltwsopblcal Impllcatloiis of some faeta u£ snence, by 
Frederick H, Krecker, 

Biology end medldae, by Asa Crawford Chandler, 

Tbe locust plague, by B. P, UvaroT, 

The codling moth, by B, A, Porter. 

Grasslflad and fnmtland as factors In the cyclical development of Eurasian 
history, by J. BusseU Smith. 

Souther0 Arabia, a pioblem for the future, by Carieton S. Coon. 

Tbe New World Paleo-lndlan, by Frank H, H. Roberts, Jr, 

Eaflier Island, 1)7 AlfrM 
Bruin Tbjtlinia, by E. D. Adrian. 

The develoi»eut of |>enl<dllin Ln medicine, by H. W. Floicy and Cba n- 
Recent fidvanoe? In fluefitbcRla, by Jaha C. Kruiit?^ Jt. 

Aepectfl of the cpidcmiolosy of tubercidoatB. by ind W. Parr. 

Report fe^r J545,*-The Report of the Secretary, which included the 
financial report of the executive committee of the Board of Regent^ 
and which will form part of the Annual Report of the Board of 
Regents to Congress, was issued J anuary 4,1040. 

Report of tbe Secretary of the SroltlieoDiaa rfistUutlon sod finutielal 
the eiMutlTe comtuittee of the Board of B^ots for tbo year ended June 80, 

1 (M 5 . ii+liapp.Spla tPebl. 3m3.>30ie^ 

The Report volume for 1043, containing tlie general appendix, was in 
press at the close of the 3 rear, 


SPECIAL PUBLICATIONS 
The SmlibsonlHu Institutiou. 2u pp., 13 pti^ 

Natlonul AJreralt CoUectlOft, by Paul Edward Oarber. Slslh Ed . 

PP„ Ulus, (Piibl, aSiO,) May 31. IMC- 

Tl)e following special publication was reprinted: 

Brief Guido to the Smlthflouinn InatitntloiL Sixtb Edition. SO pp.p Ihiw. 

PUBLICATIONS OF THE UNITED STATES TfATIONAL MUSEUM 

The editorial work of the National Jlimmn has contmued during the 
year under the imnicdiate direction of Uie editor, a - ^r. 

There were issued 2 Annual Kej>ortSj 5 Proceedings papers^ an 

RuUetina. 

REPoarra 

Keport on the pro|^ eod caodltieu of the Ualted Natlonnl Museum 

for the year ended Jtitic 30. UH4. fU+lOU 
Report cm the projitese anil ooDdltlon of the United Steles Ne 
lor ihe yeor ended June 30, IMS. ill+112; pp. J’ane ^ 
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FHOCKt^WGB: TOLtlME 9B 

Na, 3305- H^fporJ^amphuM A new species cf bemtrfliDfit'i^i ftsli from 

atoaloa, Meslc^, tfltb bh a[ial>'sls of the generic chBracters of 
and bj Rubert R. Pp. lS5^m Jolj 23, iGtS. 

No. 3ias. Notes on receiUls* mounted r^pE:irc fossEX skelcEons in tile United 
Btntftfi NAtlono] Mnscniu. by CbDrlea W, QSlniom Pp. 195-203, pis. 12-1&- Feb- 
ruwn 5, 39*10, 

No. 3l9fT. Ttic otiycUopliorcfl of PanniDa and the Canal Zone, by Austin H. 
Clark and James ^tek, l*p. 20i1-213l February 21^ 1&40. 

No, 31fla Bchiurold worms of tbe Nortli PncSflc Ocean^ by Walter Ko&rlck 
FIsTier, Pp. figa. lO-lD, ptS. 20-37, Aprtl ll, 194fl. 

No, 3190, The oateology of the fnasll turtle jTi’^fado praecxiant Lambed with 
notes on other apociea of Fa^tsdo from the Ollgocene of IVyorolng, by Cbarlos W. 
Glioiore. Pp. 210-330, figs. 20-27, pli 38-44. Uarcb ^ 1W6, 

jiULLEMlNS 

No, 1S5, part 4. CheckUjft of Use coleoptoroua inKocls of McrEcOp Central Ameilca, 
tbe Weat IntUcSp and ^uth Aiaerlra, compHed by Rkbard El Black welder. Fp. 
551-Tft3L .^Ijiy 13. 3040. 

No. 18B. ^Ijre birds of Dorthcfu TMlIniLdp by U. G. Delgiuin. pp., 4 maps, 

9 pla September 17, 194&. 

Nm 187, An Bimotnted cdicckliist and key to the snakes of aierilco, by Holmrt M. 
Smith and Edward M- Taylor. PP- October R 194&. 

No. 1^^, The fresh water tisbas of Siam, or Tbaihind, by Hugh IL Smith. 
X14622 pp.^ lOT 9 plA Korember 13,1945. 

No. 159. A dcscTlptlTC catalog of the aborc flBbcs of PerUp by Samuel F. Hilde¬ 
brand. xl-|-530 pprt 05 flga. FtbriJarj' 2G. 1B40. 

No. l&O, The North Anaorlctin denr-wlng moths of the family Aom-rlldaep 
by George P. Engelhardk tE 42^ pp., 32 pis. (10 in color). Jnuc 23, l&Kl 

PUBLICATIONS OF THE BUREAU OF .\iSEinCAN ISTHNOLOClT 

The editorial w-tmk of the Bureau has cotitinued under the imuiediats 
direction of the editor, M. Helen Palmer. During the year the follow¬ 
ing publications were issued: 

SLxty-sfecotid Aontial Bepoti of the Bnreau of Amerlcaa Ethnobgy, 1944-1915^ 
9 p p, 

Holletln 137. Ttf^ Indians of the SotitbeflEtem United f^tatef^ by John E. Swtui- 
ton. 943 pp.p lOS pla-. 5 Bga., 13 maps. 

Bulletin 143. Handbook of Sootb American Indians. Jellun H. Steward, editor. 
Volume 1: The Maigiiml tribes. 024 pp., 112 pla., 09 Hga-p T maps. Volume 2: 
Tbe Andean clrLIItaUooS. 1,035 pp-, 192 pla, 100 11 maps. 

Institute of Social Antbropology PabU No. 2. CberAn; A Sierra Tarasenn 
vUlAgCp by Knlph I*, Ecala, 22fi pp., 8 r4a.p 19 flgs.p 0 maps, 

NATIONAL COLLECTION OF FINE ARTS 
The N^tianfil Collection of Fine Arts issued otie catalog, as follows: 

Cbtalf^ of Amenraa and Europeftn palnUage In tbe GeRaUy OoHeetitiii. Third 
Edition. 29pp,llpleL 1915. 
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FREES GALT^RF Of ART 

Tho Freer Gallery of Art issued one pamphlet, as foDoira: 

The Freer GaUciy of Art RerTsed Edition. 12 pp , 6 pis., 2 flgs. 1 W 5 . 

REPORT OF THE AitERTCAN H13TOBICA1, ASSOCIATION 

The aimual reports of the American Historical Association are tran^ 
mitted by the Association to the Secretary of the Stnithsonian Insti¬ 
tution and are communicated by him to Congress, as provided by the 
act of incorporation of the Association. The folio wing report vol- 
mnea wi;re issued this jear: 

Annual Bfiport of the Amerlam HUtorleal A 39 MlJitlon for 1041 Vol It Fro- 
and Guide to the AEuerlcim HEatorIcal Review, 1 S& 5 -- 1 EM 5 ; voL % 
Calendar of tlie America u Fur Cumpaji/*^ Pajiers, Part 1 : lS 3 l-lS 4 ^tj toL 8 ^ 
Calendar Of the Ajncrlcan Fur OotupfttiF^a Papers, Part 2 : 1841 ^ 1 ^. 

The following were in press at the close of the fiscal year: Annual 
fieport for li>43, vol. 2 (Writings on American History); Annual Re¬ 
port for 1945, vol. 1 (Proceedings and list of members); vols. 2, 3, 
and 4 (Spain in the Mississippi Valley, 1765—1794, Parts 1,2, and 3). 

REPORT OP TFIM NATIONAL SOCIETY, BACQHTEH3 OF THE AMERICAN 

revolution 

The tneimscript of the Forty-eighth Annual Report of the ^ atiowal 
Society, Daughters of the American Revolution, was tmn^itt^d to 
Congress^ in accordanoe with law, November 7,1045. 

aluotments for printing 

The cougrcssional allotments for the printing of the Smitlisonian 
Annual Reports to Congress and the variotus publications of the Gov- 
etnment bureaus under the administration of the Institution were 
virtually used up at the dose of the ye^r. Tlie appropriation for the 
coming J’car, ending June 30,1947, totals $88,500, allotted as follows. 


(Zwn rf’Kan.Ti JrmHi'Tlf'I.elJI j.. ■ ■ p ■—^ — 

110,000 


4^.000 

J.llliJUIIB.l JI1.U9W-U1—-‘ 

1T.4S0 

I3ulngp.l4. ill .dEUVI i-vitu .OLU j--- 

500 


200 

IDU'mU.LIVLim Jwil-Llll 

200 

JiallPIiHl If•■ra.i^ -j.—--- > ■ 

A irfhPVITlTl f-fPlT V ' ~ —■ M M ■ M ■■ M BF M L 

eCN) 

a n, E.1 tfl-l-ivrl n«i1 A-aWivEn Hrtm ... - ~ - 

ia020 


Total- - ---- 

. 88,500 


Respectfully Bubmitted. 

W* P- Tkut., Chkf ^ Editorial Dhmon. 

Dr. A. WETstOM, 

Secretary^ 5imVA^onian Instttuliorw 

























^tpan 

-11 'r » ’, - *“1 « ‘‘ • - » ^ * *-* -j-.^1 




. - ->■ r^AvrE-f- , ■' ' r .-W-,. . ' , C r- '^’’V ■^- 

1^‘ ^ C* *ri^ Ije^ 

I:4«f*jtb'.VYA Ojlj li. «»fJt:vjirwwf )|c* Jii 
,■ Ii»ns5tw»rMP utJUl 


;«.r-*-<l”-' 



• nFi-v "VjVftiil.-.' 


»..,»«,• ’. •'^'l]iwJaWjiTiit(HssVv;hii?-yo.:XV 

*'•* "MiJ <»(0 rrr^ ^^K^E^!^^il^ ^a4liT^^HtlM mIT . 





vi'fJ iTs-fP»^^ Irt ^^nIl^.^ 


_... «*-iA »i* i.»/*>.liil^ ^1!^^". 

^r^diuiNlrTt Jwirtj jifrtjiis^ , 
rM'Wtf'J .U %4[ii<^ loorviul^ 


■J^*~si,..^s^ 'iMtua4#>%A ,fic4tf'}4fn ovintaA '* _ 


. 'liirtrtT 

J,v»Uuutfu& 


:. -'^fx ^ ^-^inwVf Ji%ia 

^'tiiitfi'VfiiA Rtin4r4A^\nt'% -» 






REPORT OP THE EXECUTIVE COMMITTEE OP 
the BO.MtD OF REOENTS OP THE SMITH¬ 
SONIAN INSTITUTION 

FOR THE THAR ENDED JUNE 30,1946 
To the Board of Regents of the Sndihsmiaix Iwstitittim : 

Tour executive committee respectfully submits the followuig report 
in lelatiou to the funds of the Smithsouisn Institution, together with 
a statement of the appropriations by Congress for the Government 
bureaus in the admitiistratiTe charge of the Institution* 

SMITHSONIAN ENDOWMENT FUND 

The original bequest of James Smithson was £1^,960 8s. 6d.— 
$508,318*46. Refunds of money espended in pi'o^ution of the claim, 
freights, insurniice, etc*, together with payment into the fund of tha 
sum of £5,015, which had been witUieldduring the hfetmic of Madame 
de la Batut, brought tlie fund to the amouut of $050,000. 

Since the original bequest, the Institution has i-eccived gifts from 
various sources, the income from which may be used for the general 
work of the Institution, These, including the origmal bequest, plus 
savings, are listed below, together with the income for the present 
year. 

ENDOWMENT ruKD« 


(iTiCftnje tor unre?>trScted use of tjie 


Partly dcposltwl la United Stutcs TretiBary at 6 percent and partly 

Id EiockBf bouda, etc. 

SnvestetJ 


[^VfiUnnit 

tnOHD# 

pporol 

y™- 

PuHst fund SHtithson pltn Mciuputt-ted -'tt- 

timmw 

$13,7131. £1 

SnbsKiumt bequHto.1^1*. ttc., in th* t'nltid 

fe . - . -* 



Artjy, Hoiitrt fl. itwl Lydl&, Mquflit itLnti .. 



HjibfrI tjl'. d , IWQUftft tnwl-i--.- -- -. 

HufHDbaVp Orwie P. wtd bwiOrtt tuDd.™ . . -- 

4uanLi3 

s.m«T 

ID, HP 
li£W 

41.71 

HouTi CarelUie'T b«uf5t — .■ 

101123 

BIU 

FtodfltiM^ TtiomM u. fiH.,.. ... 


R13»H» Wiltla^ .. 


¥7,46 
, 4,85$. 13 

dukfgiic], O-AIVf^ - y- 

134, WOl^ 

WlthfflbooRHTUiiniMA., .... 

3.:tic.oo 

437.® 

UpKiU Itinil,. DUKE, ID rWflpAM*™ 

eSB.OD7.J8 

3fl.m 11- 


1,387. W37 

TDviai.71 


12& 
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Thft InBtitutvon bolds also a number of endowment gifts, the income 
of each being restricted to specific use. These, plus accretions to date, 
ore listed below, together with income for the piesent year. 


Abbott. T..Jimd (w En™stS|^Tlflna In 

Anbcir, JuBfiBn fund f«' iBiWtiEittoaii t;Qd lEudj m tlw lun and lecLnie on 


Hawr, irifEinlfi Ptirtlf, ftrr *cTnltaiilifp to Innstli^ bnu (tf 

HJODtriM *4li«r iboTj the Unired etarw.. ... . 

5*lfd, Loct fund fat uftAiJiut mifftstwfaJ to BKittMT Baird._. 

Parrtow, iTfldfftrIf D., handn foe rnrebi* of aalniali f&r Zciatptir^l fark 
CoitElold, CcJlK-lian fusd fior -obtl aTr ctf [bt CuiAtld collHlioc ^ 

enlfl 


Tiw, TboiiiJ!5 fand, miLDtf itwo of Uw Cmf coDictJcin* uid promo- 

Mar iK-tf*rtbrt trUtfnrto CoIwrEefL ... . 

CEuLfflhcrtfldn^ Trtads L#*. mad, for IflCrwM iHd inomatioa ol luae ^ 

Ir^hn or pitm Imoltiuki. ..... 

Ebtbfsu^jfer Flcnnoe £»r«pil, mad, fer pFwerTii[on and Exhlbdti^ gl Ibi 

pNEomnwlt »l^|gn of Roddlplk £;M«EiK|gr, Jr.,.*... .. x-.. __ _ 

LacuftM »Bd cam of VInll mu colkctEaa of 


Albtrt llbr«7 /loud, fof oUo rf Bllcba^ 

Ifodjckiu fand. tv IrutwAg aad dlnudoO i^lD^’nurkDwkdW 

to nmtan^ nod pmcwtlHl of otmoTJbwieoJr. .. 

Bnttl«ka A fel aod Mrirl#, mod, to mnbgr iwiftbia la tfr^tca] ulbnipdljDCF 

and pobikatloB Lo cwoerUOfi ttwowllb.. .... 

Buibofl. fimm, fnjMK to lennd Dnitwa .... .. 

Loot. ArricEtB aod EdiliL 0,, fxlOa, Unt tapkeep and pnaNTition Lceg ^ 

hetJoB orpiBbnri'jwtMH lacmsy^ta .. .. .. 

StfEf, CftEh*rLE» Waldsk fuiwl. Fof ptffttuttr of flm-cfaH works of art for tbfr 
ti»aflct bftBrft of [Lfl NatkinaJ CollecElxm ot FEdc Axta 
NatiobiU- Co^lortioTi of Ftna Aria, JiUia P. SIxope boOuHi mBd,. for beofifll of 

NaEjpaal Coill«tSDii of Fiofi Arti __.. 

FrU, CorcwlEa LEvLa^too, fa3>d, for namtcfiaiNn of AUM Dobih BbQ o^I^ 

IfOfQ _ __ 

Foort, Low ¥,'i^ Qcm wr/mid"; 

Iqrliiripat amoDBU Eo42SflJ»_,,.,_,_^. 

BAEhbuD, Ttkdufil. Bictmrlal fund, for iis« of tHrltfoo of V. B. Katkiiial Mu-' 

KUHi wtafrlpE CrBfllan .. . 

R<Wh Add !»□ T mpd, for rmDdEna choir In biglpf^r tfi monkorr of Aitwr Taidjr 
BwhlLog CcJtectiou Juiid^fu goro, ImpromciflDl and iBcraase of Roahliiijr nol- 

(actioo of iBlHiab. . . .. _ 

FolIfnB, Bi^lHaiha^ W|| Hub, fund. For JoTiatlBiJdaDs'la pb;^ca b^'dMTmjjtrr' 
emJihHAtaoMpJofiert i^ilnmnE foi^ 


BprtBier, Fftuk. faudn fcr CAn, <to. of SpriiiEW coitartEon and library'”1 
CbarfiBD. ipd Hbjf Vaoa* maeamli hjiKl, for df^bpiiiaBl ^ geo- 


Ififficot aud^lirfHitolotfcaE iludlsa ijid piiblbhiiu rvidti thetiuf,,,,. 
Wjdc-t^, mod. held In troit.. 

Serbea^ Frabeeg BnockUh huid,, fof endowntnlof aquarifL 


T’oCaI 

■- » ■ ■ ■■ iKJ..! E.I. .^ w-p.p-T-r-ri ■•■■.■ I 


Inttvllnlnt 

Inpam^ 

prefioit 

rear 


«3,IAL3« 

«L»A73 


6(Km. 13 
af,422,ffi 
L. DIA ]d 

4769. fi7 
SKLffi 
£5.33 

3Sl,7ftL4S 



3d4-f>i 



ilLS^ 

17. S3 

6LMA45 


hm.M 

55.T4 



l^eH.43 

m.n 

ews 

£50.75 

IV. le 

lO.ZTT.Sl 


ID^IfL^ ! 

w,n 

7,51^73 

3SI,87 

U14l3fi.fH 

4^37 

1D.78SLC5 

7P^n 

43SlLi^ 

mmsa 
as. 317.10 
ffi.3j-l.1l3 
i£^is{ivm 

4SEfl.71 

B>3m,sg 

SO^ISS.TD 

m,u 

14740.99 
2^5131 Si 


531173.89 


The above funds fiinount to s tote] of f2AH,1:14.74 and are carried 
in tile following investment accounts of the Institution; 


Unltctl Stadsa Treasury deposit iccouDt, dravlo; 6 pepcent In- 

tercst-.___ _ __ _ 

Cptibelldatod fme^tment fund (Income Ea tahl« b^iaw) _ _ 

Hfifll estate, mcrtgii£c^ _ _ ___ _ ___ 

SiJfrciHl fQDiJBt tnlHcellaneDHA La^^stiucDtfl__ _ _ 

UaiDTfisted eftpttal-.- _______ _ _ 


11,000,000.00 
1,051.071.40 
£Oa,OlO-79 
oi^mio 
7, mas 


Total-- 


2,il4, m 74 
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COKSOLIDATED FtTND 

This fund contains substantially all tlie investments of the In¬ 
stitution, with the exception of tliose of the Freer Gallery of Art; 
the deposit of $1,000,000 in the United States Treasury, with guar¬ 
anteed income of 0 percent; and investments in real estate and real- 
estate mortgages. This fund contains endowments for both un- 
rertricted and specific use. A statement of principal and income of 
this fund for the last 10 years follows: 


FI^cdJ tcw 

TriarflStl 

ISCDEDP 

PtWPl- 

BG* 

Fisal yrar 

rTWipflJ 

[bcoow 


1637.__ 

ISW. . 

]fl36__ 

IMO. 

„ „ 

sffr,4saifl 

BD2,9(hL2? 

l,pea,3gufii 

m,Ei%4s 

0,147.36 

4,« 

4.m 

a.4ci 

H7 

kn 

1*13.__ 

tlM3__ 

i6i4__ 

|W5__ 

],m, 611141 

1,59.ZU.15 

H<V7JLSfl 

Bn.7F5.TB 

B7,6ia-3a 

Lii 

kfH 
5.60 
5. BA 


consouvATis nJTJD 
Gnin invettm^it over jfear If^iS 

oiade from gifts nnd Eariogs oo Income--.— -— ^2, 31'?, 37 

lELT^tmcDtg of gain from etc., of Becurttlar— -- 31,440.15 

Total__104,257.52 


FREEK QALLERT OF ART FUND 


Early in 1906, by deed of gift, Charles L. Freer, of Detroit, pve to 
tlio Institution liis collection of Chinese and other Oriental objects of 
art, as well as paintings etchings, and other works of art by Whistler, 
Thayer, Dewing, and other artists. Later he also gave foods for the 
construction of a building to house the collection, and finally in hi? 
will, probated Efove^aiber G, 1919, he provided stock and securities to 
the estiniated value of $1,953,591.42, as an endowment fund for the 
operation of the Gallery. 

The above fund of Mr. Freer was almost entirely represented by 
20,465 shares of stock in Parke, Davig & Co, As this stock advanced 
in Value, much of it was sold and the proceeds reinvested so that the 
fund now amounts to $5,994,^94.31 in a selected list of purities classi' 
fied later. 

The invested funds of the Freer bequest are under the following 
headings; 


Ccart Jind grounds ftind——^ —-—- 

Gourt nuU grfluijtlft mfllivtenaace fnatl—-—^—— 

Curator fund-----——--— 

E+sldaiirj legacr fund---— —----- 


ItSTl, SmSO 
m643 43 
6S3,3Sl.t2 
4,4T0tS49 36 


_ 5,e04,3&4.3l 


Total___ 
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of principal and iricmne for #he toff i<J 


Fbcsl thT 

PrlorEpid 

lltOUDft 


-- ^ -^■- ■ r. . ..... .^-. .. . . . . . .. .... ~ 

(i«ai,ssaBe 

ifiaitTn.31 

: ¥2eo.m$3 
355,6^^1.61 

tT5 

6.3Q 



amni-is 

4 It 

|M0.„... —— .-,. . .. . ..-.._- r ....... . .-■•■ • 

ft. 

a4i,mia 

3.Ba 

I'Ml_ x.,., . 1 ... . . ...-- . .. . r ..-■*! »■■•■■»■■ 

aoait^ti 

578.61 

! moTB.ai 
'mm.77 





xn 



2t2,m3T 

3.S1- 

11II4&__....... - -.-............... ............—.-S"*- ■*"■■■>■ »■ -■-■■- ■ 

i5,5&1.06I.7S 

3i^mv 

m$ias& 

i.6a 



-- 


ruND 

Gain during present jear from eaSfi; <?all of swirltles, -- $130, 332, 6S 

SUMMARI OF ENDOWMENTS 

IrLvrated cndownieBt for e^oral purposes^-—-—$1,3-^7,484^27 

InvcfitM cDdomnent for specUIc purposcB otlier tlinn Freer en- 
dowtueiit - _— - -—- ___It 420^ CMS. 47 


Total late^ted ondowraeat otber thuu Freer cudowmeat— 2^ 314,1S4.74 
Freer luvceted eadowme^t for apeelflc pnrposcs-^...^--- ^efl4H3l>4.31 


Total luvested cDclo;%^eiit for all purposes—8^ 05 

CLASSIFICATION OF INVESTMENTS 

Deported ia Elie U. 5. Treasury at 6 percent per annual, aiittaor- 

lied Ln the United States nerlsed gtAtutoSt sec, — — — $1,000^000. 00 

Investments other than Freer endowment (eoet or 
amrket ratac at date acquired); 

Rond? (IS dlflereat groups^___ _ _ _ $tt2Tf612.3t 

Stocks (61 dUfeineiit groups-- 975^967.70 

Real estate and first-mottgEage noles^^—__ 303, Oia 70 

UnluTeStSd capital _ _ __ __ __ 7, 543^ 8o 

-- -- l.S14,134,74 


Total luTestmeutB other than Freer endowment. __2, Sl4, 134.74 

iDvcstmcnt of Freer cDdawmcDt {coat or market 
Talnc at date nequLred) : 

Bonds (29 different groups)______ 2, 962,710.30 

Stacks (53 different groups)_____ 2,993,57(138 

Heat estate Drst-mortgage notes-^__ 2, 506- 00 

nnlnTested capital_________ 45,607.68 

-— 5pO&4.394.8t 


Total InTestmeutH__ 


5,303,^120.05 
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CASH BALANCES, RECEIPTS, AND DISBURSEMENTS DURING FISCAL 

YiLVR 


Ciieli balAnce on Mod June 30^ -—- 

Receipts; 

Cash Income from various sontfif^ for general 
Tfork of the Insfeittitlon.--- ^ 03 , 441-40 


Cash gifts and ecjntrlbntlons eacpendabic for 
Epeclnl scientlHc ohjocta (not for investment) _ 30, e2T. 20 

Cash inconKe from mdowmefita for siwelflc use 
other than Freer endowment and from misoel- 
Inneous seonioeB (Indiidlng refnnd of tempo¬ 
rary ndrances) ——_——— -—-- 4l 

Cash enpRal from caJl of secnritls, cte. 

t for inveatment)___- - -- -- 

Total receipts other tlmn Ftcor oiidowiiient_^_^- 

Caeh Income from Fifeer endowment——|22()^81S, 16 


Cash capital from sale, call of seearltlcfl, etc. 

(for investment)^- —---— -1, K&9 hS13,00 


5T60,ai&00 


067,013,92 


Total recelpU from Freer endowment—- - % SSO, 631^ ^ 

Total - ——-—- 3 t 


Dlsbiirsementa: 

Ftom funds for genernl work of the InaUtullon: 

Build tngs—care* repaLrs, airtl aJteradoim,—- ^ 

Ptimitnro and dxtnres--- —03, 75 

Generol administration-,,—^^--—— 27", 109^ 04 

Library-^,----—---— 3,1109.55 

Publications (comprising prepnfaUon^ print¬ 
ing and dlatribudon}--- —————^1^ 

nesenrehes and eJEUloradons---—— 3I,88fi,lt 

—-- 70. moo 


From fond a for $peeifie ose other than Freer en¬ 
dowment : 

Investments made fn'Otn gifts and frum sav¬ 
ings on hicnme— ---— 

Other eipendJtureis consist I ng largely of re^ 
^rch work, travel, lucrease and cere of 
special collect loDB^ etc., from Income of cii- 
dowment fundst and from caah gifts for 
specldc use (including temporary ad¬ 


vances) --- - -——■ 

ReinvesLment of cash capital from sALe^ call 

of seearltJes, etc__— --^ 

Cost of Imndling secnrltieii, fee of Inveslmont 
couDselp and accrued Interest on botids 

purchased__—— - ^ 

- «IG, 78T* 33 

From Freer endowment: 

Operating expenses of the GalleiTF salaries, 

field ejcpenses, etc--^— -5a,.866.75 

Purchase of art objects-^*---- 114,CT9.23 


^Tbi* vtst^eac doM tjot ladud* OoiernBeat i^proiirMli™ nndtr tbs admlnlatrmtlTi 
ebuga af Oib liutHattm 
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DivbaiwmeDtn—Cotitlnned 

From Freer endowment—Con Unwed 

KeliiTe^tment of cftfllt capital from nale, 

coll of Becwrlttes, ctc-^-——-- 

Cost of handling BWatiUes, fee of ionest- 
meut Mumsel, and accrued interest on 
bonds porcbflBcd—.- - - 


11,11%. 344. iff 
2S.m45 


Caali balance June 30. -*- 


Total ——— 


$1,803.512.10 
807,410. 43 
S, 247,833.37 


Included iu the above receipts was cosh received as 
sales of Smithsonian Scientific Series to the amount of $26,498.52. 
This was diatrihuted as follows: 

SnilthBonlan laatltutloD EndowinfiDt Fund..-——- 

Smltlisonlaa Inadtutlon EmenfencT t'tmd - - — 

! ; mltb g>"i«a liisUtntlob Dnreslricted Fond, General---— 


lll.7S3.Tl 
2,1)38.42 
8.813.28 
2,801.11 






Included in the foregoing are expenditures for researches in pure 
science, publications, explorations, care, increase, and study of collec¬ 
tions, etc., as follows: 


RTp&adpd from general fUDclQ of tbft Ifistltutlon : 
PubLLratSoiis -- 


Hosearclies find osploraEloafl-— 




Erpe^ndlruroa froftt funds deroted to Sipoclflo puriMjaes: 

Boffoa robes and csplorationff—----- 

Care, incrcasep and atudy of spotlal ooUectlofiS—— 
Publicatioas--—-—- 


Total 


|36p SS3^£3 


40, 

m. SI 
4.mso 


ar.isaea 


The practice of depositing on time ifi local trust companies and banks 
such revenues as may be spared temporarily has been continued during 
the past ye^ar, and interest on these deposits has amounted to $T?5D.T2* 
The Inatitution gratefully ncknowicdgca gifts or bequests from the 
following: 

Audrey EL Marten, fot ''Nortbera M^iSco Archcologicftl niad^ to further arcbeo^ 
|tifteal inrestlg^atlana la Meilccn^ 

NuUonal Ataidemy af Sdenees and Social Sclcni* Besearcli Ciouiiclb for ^'ConiDiSE^ 
tee for the Hecovery of ArcbeologScal Keainliis." 

Hcpraraii Conioratlonp for ptlatfmf ^"Smltbsontaa EJlIptle FiiacUoafl TablcSi h? 
G. W- Speticeley. 

JohD A, Koebllna, as a further coDtrJtiiitlon for research tn radiatioti. 

All payments are made by cbcckj signed by the Secretary ol the 
Institution on the Treasurer of the United States, and all revenues 
arc deposited to the credit of the same account* In many instances 
dep€>3it3 are placed in bank for convenience of collection and later are 
withdrawn and deposited in the United States Treasury. 
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The foregoing report relates only to the private funds of the Insti¬ 
tution. 

The following appropriations were niade by Congress for tlie Gov- 
ernment bureaus under the administrative charge of the Smithsonian 
Institution for the fiscal year 1040: 


8a1ar]« and espenscs.- -------— 

In addition, funds were transferred from other Departments of the 
Government for expenditure under direction of the Smithsonian In¬ 
stitution : 


Coaiienitjaii with the American Tt jptibUca (frauBTcr froni State Ue- 

pc,rtmeat>.---- tt)«.m00 

Warkinf; Fuad, tmnsferrecl from NatloDul Part Serrlee, Interior 
Denartment. for areheologlwl investtgatloua la Mlsfloarl Hirer 

Ba«la_-_..—--- 

Wnrklnr Fund, transferred froni Navy Department, for CroMroads 

ProKet---- ^ 

The report of the audit of the Smithsonian private funds is given 

b«low: 

l^rfTbllCBEl 20. 1S4G. 


ExECDTIMC OOMMCTTU^ w REJESTfl, 

£>, C 

fitBs! Patwunt tfl we bsTe auditeil the accounts of tlie SniSthsionSaii 

luatliiitLoD for the fiscal 5 ear ended Juise 30* 1040, and certify? the IihIjiiiots of 
efish On bond, lncliidin(S' pettj cash fund, June 30, 104^8. to be fS09^1IK4B^ 

We hriTe Terlfled tie records of receSpia and aiBburoMflcnts nuilnialned bjr 
the Institution and the agreemont of the book balances with ilio hank hahmeea. 

We lia^e eiamlned all the secorltlea Id the custody of the itistStutlon mid la 
tho cuatudy of the hacta ami lOnnd them to agree with the hook reconda. 

We hate contiMired: the staled incotue of Hoeb aecarltSeg w[tb ihe receipts 
Ilf records and found tlieoi la agreefflout therewith. # h 

We buto einmlned all Toncliere covorlog dlsbuiwmerita for noenunt of the 
Institution during Uie fiscal year ^dod June m ISHfi. together with the authority 
therefor, and hn^c cuiupared them with the Instltutlou^s record of espeniUitirts 
and found them to agree. 

Wg hare eiaiulncd and terlfled the accounts of the Itiitllntlou w llh each trust 
fund. 

We found the hooks of accouiit and Wfcords well and oocufatoly kept liud the 
securities con^euieatly fileil and iwirely cared for. 

All luformatlon rtfoaested by your auditors wna promptly and courteously 

furntsbedr 

We certify Hie halanee sheet, in our opinion, correctly presents the financial 
candlUDn of tlie InstUutlon ag at June 30. l&itt. 

Wtl-LZMC L. TArOEB, 


Certiffrtl PHtJlc Accountant. 

IlG^ipcctfulIy submittetl. 

Fredehic a. Dkuvso, 

Vannevah BusJit 
CJAEENCE C^Sf^^OXf 
Execu tive C&m m 
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ADVEBTlSEjfENT 


The object of the General Ai-e-ekdue to the Atuinnl Report, of the 
Sruithsotii&n Institution is to furnish brief accounts of scientific dis- 
cxjveiy in particniar directions | reports of investigations made by 
collaborators of the Institution; and memoirs of a general character 
or on special topics that are of interest or value to the numerous 
correspondents of the Institution. 

It has been a promitient object of the Board of Regents of the 
Smithsonian Institution from a very early date to enrich the annual 
report required of them by law with memoirs illustratuig the moie^ 
remarkable and important developments in physical and biological 
discovery^ as well as showing the general character of the operations 
of the Institution f and, during the greater part of its history, this 
purpose lias been carried out largely by the publication of such papers 
as would possess an intetast to all attracted by sdentifi^c progresa. 

In 1S80| induced in part by the discontinuance of an annual sum¬ 
mary of progress which for 30 years previously had been issued by 
well-known private publishing firms, the Secretary had a series of 
abstracts prepared by competent collaborators, showing concisely the 
prominent features of recent scientific progress in astronomy, geology, 
meteorology, physics, chemistry, mineralogy, botany, zoology, and 
anthropology. This lat ter plan was continued, though not altogether 
satisfactorily, down to and including the year 1888. 

In the report for 1889 a return was made to the earlier method of 
presenting a miscellaneous selection of papers (some of them original) 
embracing a considerable range of scientific investigation and discus¬ 
sion. This methof] has been continued in the present report for 1940, 
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ox THE ASTROXOmCAL DATING OF THE 
EARTH'S CRUST* 


By EE&bmw Shaput 
EaroQtd Vnivertit^, Camifriitffe, Matt. 


'rtiesQ notes on cosmogony are only minor contributions in an im¬ 
portant and expanding themes Over tlia years a considerable num¬ 
ber of scientists are gradually developing a fairly complete and sati^ 
Tying cosmogony. When the bypotlieges settle down into accepted 
laws, and the skimpy ohserv^itions grow into '^facts of the world, toy 
present contribution will avail litUe; but at this particular moment, 

it may show the trend of our thinking and planning. 

Until recently, tlie word cosmogony generally implied, astronomi¬ 
cally, the study of Uie origin of the earth and of the other planets;’ 
scientific thoughts about tlie universe had of necessity been restricted 
closely to the planetary system, with an occasional vague adventure 
into the unexplored realm of stellar bodies. But os our knowledge 
of stars and nebulae iiicreased, this vagueness diminished; and, with 
a fine disregard for our impotence, we have now tackled the origins 
of stare, star clusters, nebulae, galaxies, and space-time itself. C^- 
inogony has appropriately expanded beyond the bounds of tlie solar 
system, and now includes the description and theory of the whole 
knowable material universe. As something of a digresion, it ex¬ 
amines the riddles of tlie origin of planetary systems. But perhatM 
this appearance of implied condescension toward earthly affaire is 
inappropriate, for the more we look into the problems of the oripn 
of the earth, the more we find that its genesis involves operations tliat 
are universal. The earth’s crust, it appears, has an age not at all 
insignificant compared with tlie duration of stellar processes; and thu 
chemistry of the earth’s crust is a convenient and comprehensive 
BEDipl^ of tbe ck&mistry of Uib universo* 
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KddingtOD has pointed out that with our new knowledge of a new 
physics we miglit have predicted the ea:istence of the stars from the 
general properties of matter, even if we had been hopelessly cloud- 
bound and had never seen them. Tlie atomically small lends directly 
to tlie sidereally inuuense. Analogously, we could now propose half a 
doxen problems dealing directly with the local solar system, the solu¬ 
tion of which would go far toward settling the most basic problems 
of universal cosmogony. 

The preceding remarks are prefatory to the observation that an 
astronomer who is especially interested in the maci^cosmos is in 
congenial company when he a:sociate$ with a geologist who explores 
the origin of meteorites, the topography of the moon, and the atmos¬ 
phere of planets, and ivrites on such subjects as “Our Mobile Earth” * 
iind “The Strength and Structure of the Earth," * 


HOT GAS AND COLD SPACE 


A factor of high importance in general cosmogony, as well ns in 
the contemplation of the surface rocks of the earth, is the greediness 
with which interstelhir si>aoa sucks the life blood out of the stars. 
Or to put the same idea in prosaic and less anthropomorphic terms, 
tho second law of thermodynamics, which records that heat flows in 
the direction of lower temperature, is a moat basic principle in sidereal 
evolution. 

Tho temperature of interstellar space is a little above absolute zero; 
tho temi^erature of the stars, except in their relatively tliin and cool 
atmospheric blankets, is in the tens of millions of degrees absolute. 
Hence the stars cool off violently. The violence is not perceptible 
to die average obsen er, unless he be equippetl with long-iungo cosmic 
vision arid competent theory. But the astonishing rate with which our 
own star pours its heat into the vacuum of interstellar space would 
scarcely permit time for the evolution of the observer and his ancestral 
line of living forms, if it were not for the existence of a mechanism 
for the subatomic replacement of the heat so profusely radiated. 
In a few scoi'es of millions of years the heat of an average star would be 
disastrously diminislied-diaastrous for neighboring protoplasmic 
life--if the expenditure were not prolonged a thousandfold by the 
“carbon stove” mechanism, which bums stellar hydrogen fuel Into 
helium ash while liberating energy, and by similar atomic trans- 
formntionSp* 


* Pair, R. A., .\>w Tbrt. 

‘ Dalj-* R. A., 1D^0. PwaNCv-HjiU. K<-vr Tort. 

Of atomic tfthRraTniiitlinii be tmaH Id 0«uo», Tlio 
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The temperatutB of interstellar or inter^lactic space can be vari¬ 
ously defined. MThen measured by tbe equilibrium temperature of a 
small meteoritic particle at a distance of a light-year or more from 
the nearest luminous star, it is probably but 2 or 3 degrees above abso¬ 
lute zero. But if vre should “(ueasure’' temperature in terms of atomic 
and molecidar motion, we could say that a radiant gaseous nebuln 
(ereu tliough of almost infinitesimal rarity) ut tbe distance of a light- 
year from a blue star bas a temperatui'O of 10,000* or 20/M)O“ absolute. 

The first definition is the one to choose in considering the leakage 
or radiation from the surface of the siiti, a leakage of 4,000,000 tons of 
light per second. The sun’s output of light would be enormously 
greater if we should peel off suddenly tbe outer 1 percent of its body. 
The skinning of the sun would expose highly loniaed gases with tem¬ 
peratures in the millions of degrees. Wo would Imve a kind of sup^- 
noTa, blit only toonientJii'ily oi\ cosnic timo scalo; for promptly th^ 
ionized atoms would regain their shells of electrons, some molecules 
would form, the present heavily absorbing atmospheric layers would 
re-form, tuid ’ivlth some serious convulsions and Hoscillationa set up by 
the sudden exposure, the sun nova would speedily return toward the 
calm equilibrium it enjoyed before we ventured the reckless esperiment 

It is quite likely tliat great gaseous envelopes might be produced 
by a sun-to-nova fiare-up, or in coma® of the subsequent convulsions^ 
and in any case, the earth and neighboring planets would be promptly 
scorched clean of biology and their surface features melted away. 
Clearly the sun has not been a nova since the freezing of tire earth’s 
surface into its present i^ate. 

comments on (lie coldness of space and on the sub-surface 
hotness of the sun are all immediately relevant to the problems of the 
origin of the earth’s rocky crust. If the planets were generated 
catastrophically from the sun, much of the material composing them 
must once have been this highly superheated material that lies not 
far below the 0,000* surface layers through which our present sun¬ 
light is filtered and cooled; we must use not the relatively cool outer 
portions alone, for the total mass of the sun’s atmosphere is small 
compared with the cioss of a 

The greediness with which interetellar space, even interplanetary 
space, absorbs radiation is significant in its bearing on the age of the 
cartli’s crust. Both elementary consideration and mathematical cal¬ 
culations indicate that any earth-sized gaseous or liquid body, isolated 
in sidereal space, would freeze into solid matter (rocks) practically 
instantaneously—again in terms of cosmic time scales. 

It is this quick transition from the normal, hot, ionized, turbulent, 
gaseous state of stellar matter to the relatively cold, dead, crusted body 
of a small or medium-sized planet that is important in brlngmg to- 
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gether the cosmic-minded geologist and the astronomer. For it 
that the rocky surface of the earth is essentially coeval with the plane¬ 
tary system. The measurement of the ages of the oldest rocks Is 
tlierefore a measurement also of the total dnmtlon of the earth. The 
astronomer sees little support for tlie suggestion Uiat all the planets 
may have not been bom together. Planetary birth is probably such a 
catastrophic affair that if a second family ivere produced the violence 
would wreck all preeidsting systems of planets xind satellites. 

Wb owe the concept and analysis of the high-speed cooling of the 
original surface of a di.sruption-produced earth to Harold Jeffreys, 
whose attack on cosmogony has been from the standpoint of g^- 
physics. 

It is worth emphasizing again that the earth is a sidereal body of 
really great nntitjuity. TVe shall see later that there ia good evidence 
for believing tliat the pre-Cambrian rocks of our countrvaide have 
existed, many of them unchanged, tliroughout most of the history of 
the Pleiades, the Milky Way, and the expanding universe. And it 
is addittonnl good fortune that during the past thousand million years 
there has been left a fairly continuous record of living forms on this 
ancient crust; that continuity of organisms, and especially the char¬ 
acteristics of plant forms for two or three hundred million years, 
provides the astronomer with his best evidence on the stability of re¬ 
mote stars. Indeed, the fossil plants, in the sediments dated by radio¬ 
active processes, have inspired and practically forced our search for 
hent-generatiug atomic transformations within the stars.* These 
fosils prove the essential constancy of the intensity and quality of 
solar radiation throughout geological time. Many fertile and suc¬ 
cessful astronomical theories would probably still remain unformu- 
lated if, instead of the paleontological record of the earth’^ surface, 
we had a dictum dating organisms, for instance, from only 4000 
D. Cv 

NOTE ON SEVERAL COSirOGONlC FAILURES 

Tlie astronomers and geologists who have worked assiduonsTy dur¬ 
ing the past half century on the theory of the origin of the earth have 
reason to be sincerely satisfied with themselves because they have 
produced so many hypotheses that do not work. By showing wlmt is 
not so. not sufficient, not compatible with the growing body of verifi¬ 
able obsciwations, (hey have cleared the field for more competent 
theoretical investigations and indicated in what direction profitable 
astronomical and mathematical researches may lie. 

A serious hindrance to the formulation of any planetary-svstem 
cosmogony that may be even temporarily successful is the abunkance 
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of our clues to the mystery* Wo knoTF too much to permit any uaive 
Iiypotbesis to prosper* 

A successful theory must account reasonably well for the follow^^ 
log 10 circurastariceg (the number could be much increased); 

1 . The nine planets move in orbits that arc nearly circular* 

2 . Tl^ey carry with them 97 percent of the angular tnomentuin of 
the whole system, and angular momentum cannot be lightly regarded 
in an evolutionary plan* 

3 . The planets are well spaced from each otlicr^ with the sizes and 
masses tapering o2 in both directions from Jupiter. 

4 . The rotation of the sun, and the orbital revolutions of the nine 
major planets and most of the satellites arid osteroidsj are in the 
same direction (counterclockwise as seen from Polaris), which is 
also the direction of the axial rotation of most of the [ilanets, if not all. 

5 . Because of radiation pressure, disolution, and dismemberment 
tljrougli other causes, tlie comets arc short-lived, relative to the age 
of the earth’s crust ^ but their abundance and behavior enrolls them 
as a part of tlie solar family* 

6 . The mean density of the earth is 5 * 5 , but of Saturn 0.7 (it would 
float in w ater I)* 

T* A great but faint comet of which tlie orbit is totally trans- Jovian 
varies un predictably in brightness by large amounts. 

8 * Conspicuous constituents of the solar corona are very highly 
ionized atoms of iron, nickel, and calcium. 

0 * The sun’s present isolation in space makes collision or near en¬ 
counter Tvith another star an improbability of high degree —say, one 
Collision in a billion years, to be optimistic. (In very ancient time, as 
noted below, the chances for constructive disaster were probably much 
higher.) 

10 . The subsurface temperature and radiation pi essnre of the snn 
are exceedingly high; the sun is gaseous from surface to center and 
generates energy subutonaically in such a manner that the present 
size has not appreciably changed in a billion years or more. 

It would take too much space to comment on the foregoing items, 
or to discuss various hypotheses tliat have succeedecl in satisfactorily 
explaining or harmoniously using a few of them* The most serious 
obstacle to a successful hyiKJthesis is the distribution of tlie angular 
momentum; the planets have so much, the sun so little* The near- 
circularity of the orbits, and the violently e.vplosive nature of high- 
temperature gas when the pressure is released, are probably tlie two 

next most difficult properties to handle.^ . , 

We generally^ agree that no hy|K)thesis of the origin of the earth is 
05 y^et satisfactory. In rBCording this attitude we have in mind the 
uehular hypothesis associated generally with the nomea of 
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Laplace, Kant, and Swedenborg; tJie collision bypotliescs of Buflfon 
and^ much later^ of Bickerton; the tidaUdisruption theories of Chani- 
bcrlin and Moulton, Jeans, and Jeffreys; the grazing-impact hypo¬ 
thesis of Jeffreys; the double-star plus collision suggestion of Russell 
as dereloped by Lyttlcton; the i^aguo rLcbular-Blament hypothesis of 
XcilkOj and various intcnial-esplosioii theories, auch as that considered 
by Koss Gunn. There are variations on some of these hypotheses, and 
some of them have been repaired by ad hoc assumptions and Eubhypoth- 
^es. EventuaUy one of them may be patched up into scientific re¬ 
spectability. Among the modern critics have been Luy ten, Hill, Jeff¬ 
reys, and, most usefully, Russell, who has critically cammed both 
the data and the theories.^ 

At present the generaj feeling seems to be that the earth probably 
came from a star^ and that it is therefore the daughter of catastrophe. 
The mass is not large enough to make the prccrustal esistem^ 
clear or simple, but it must have been bricL Doctor Jeffreys has 
recently written: 

I tlUnJr tliftt the most serloua dlfflealty of sll catnstroplilc theories, affeetLog 
hoih Jen ns's theerj noil inlac, and also L^itloton^ futtlier mudkllcatlon. Is that 
tlie neuij formed plnueU would Deed to be nble to control not onlj the rclocltlea 
of thermnL aalLoLlon hut also Uioae of ^neml cxpuinron due to the audden 
relief of preasure^ 


A heteeat into chaos 

From the foregoing summniy it is clear that our hope of tracing 
an orderly progress in the origin and career of the earth is still de¬ 
ferred* An elaborate examination of the dynamical history of the 
various planets may be helpful in the search for an acceptable theoty; 
and possibly the contributions from geologists and seismolo^sts con¬ 
cerning the inner structure of the earth may be suggestive* There is 
work of useful sort to be done on asteroids, comets, arid meteors; and 
a s«M.rchingof the stars and interstdlar spaces of the solar neighbor¬ 
hood for giant planets that act like stars, and subdwarf stars that 
simulate planets. With tlie recent discovery of a neighboring star 
(mass unknown) that is about a million times fainter than the sun,® 
we may be led in the direction of thinking of Jupiter, which has a 
mass one-lhousandth the solar mass, as an extinct subdwarf companion 
of the sun. That concept would turn our cosmogonical speculation 
more in the direction of the dynamics of double stars with unequal 
components than in tlic present direction of colliaional and catas¬ 
trophic phenomena, 

^ TJlii MiKr ijffteni i.|^ la Tfe* lUemllki] Co., Kew Vorlt, 1P53. 

* Nitnre, toI IKS, p. HO, 184 *. 

• Van Blofltszoefk, 0„ llArrnnl ADnaOJiceBiPiit Cmrd No, JtBnu? M, 1844. 
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Several years ago, despairiDg of our finding an acceptable orderly 
theory of the origin of the planetsj I proposed an alternative that can¬ 
not be easily disproved.^ It might be called the hypothesis of the 
chaotic origin of the solar systeiiL It ties in earth-birth with the 
genesis of stai's* We should remember that the hardest problems of 
cosmogony would not nece^rily be disposed of eveu if wo sl^ould 
get a satisfactory theory of the origin of the earth. For we would 
ask at once concerning the origin of the sun and of gnlajcics, and even¬ 
tually be driven back to the deeper puzzles of the origin of matter, 
origin of space, of time, and of origins. Planeta^ genesis is there¬ 
fore only a decoyj leading to universal processes* 

One working hypothesis of the origin of stars prescribes that they 
have come disruptively from an original all-encompassing mass 
(Lemaitre’s cosmic atom), perhaps through several slmttering explo¬ 
sive stages. Other cofimogonies also require high concentrations of 
matter at some past time, perhaps at *hhe beginning of thin^’’ 

On tho chaos hypothesis we assume that whatever coUisional or 
C3Cplosive event produced the sun also simultaneously produced a very 
large number of fragments. Much of the debris has subsequently been 
lost —diffused or driven off as gases, or as particles dynamically 
ejected. If, in this confusion, the great fragments that are now Jupi¬ 
ter and Saturn moved in the $ame direction around the gravitationally 
controlling primitive aun^ and moved in practicaDy the same plane, 
they together might in time set the tune for the surviving fragments 
( planets and asteroids)* We must visualise a long cleaning-up proc¬ 
ess, in which bodies with highly elliptic orbits were rejected or cap¬ 
tured, and those with other^direction motions likewise subjected to 
d^Tianrical elimination* The bodies with essentially circular orbits, 
rightly spaced and oriented, revolving in the correct direction, are 
the only nstuml survivors of the cleoning-up and regularlistion. ^ 
There are, of course, difficulties even with this generous chaotic 
hypothesis—for instance, the present nonexistence of orbits of high 
inclination (except cometary). But its greatest weakne^, of course, 
is that it represents a council of despair—it is the antithesis of “orderly 
procedure’^ at the time of the system^s origin. Nevertheless the hy[«^- 
esis would ceilainly suffice to end our search, because in the piimitive 
star-making violences, and in the confusion of bodies, motions, and 
explosive processes, almost any detail can be specified. The momen¬ 
tum puzzle could be byi^iissed, and the other difficulties resolved by 
ap[>eal to forces of varied and irregular fragmentation* 

My suggestion really amounts to saying that the planets an 
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satellites are as w® find them and move as they do because they were 
born that way; and that may be the correct answer. We have some 
evidence that the stars may have hccn catastrophically borti; and^ if 
they werOj how can we i^cape the likelihood that minor bodies also 
appeared at that time and came under tJie gravitational control of the 
nearby stars 1 Meteors, meteorites, comets, asteroids, and the small 
satellites are almost certainly the products of fragmentation. IVby 
not date at least some of them, if not all, from the Crowded Days of 
Chaos, and not struggle to make them the regularized offspring of 
the orderly djTiamical processes that are observed, at this late time, 
Emootlily operating in our isolated solar system? 

ON Tt AND THE OVimCEOWDlNa 

The isolation of the snti with respect to its neighboring stars is 
average for this part of the Milky Way* The stars in the Pleiades, on 
the other hand, are relatively much closer together, and in the center 
of a globular star cluster, like Messier 13 in Hercules, the separation 
of one star from another must be leas than one-hundredth our distance 
of 4*3 light-years from Alpha Centauri, the nearest known neighbor. 
Nevertheless, in these densest clusters the stars are still well separated* 
We see in them no evidence of frequent collisions. 

Similarly, our galajcy of stars is pretty well isolated in tnetagolactic 
space. Tlio Clouds of ^Ingellan (much smaller galasles than our 
own) are perhaps within the spherical star haze that surrounds our 
own galaxy; but the nearest great spirals (the Andromeda Nebula 
and Messier S3) are nearly a million light-years away* Nevertheless, 
the galaxies, large and smaU, in this part of the universe are perhaps 
10 to bO times as numerous per cubic megaparscc as in most of the 
metagalaxy that is now under obseiwation. The typical gHiasies 
average a million or so light-years apart, and tlieir random speeds of 
a few hundred miles a second are not sufficient to provide numerous 
collisions and encounters, 

Tlie dominant motion of the galaxies, as far os we can ascertain it, 
is the spectroscopically measured radial motion. Five hundred ob¬ 
jects have been measured with the large reflecting telescopes. After 
\ . M. Slipher^g pioneer work on the speeds of these external galaxies, 
Milton Humason of hlount Wilson lias contributed most of the ob¬ 
served values. With tins material on motion, Hubble has derived the 
well-known linear relation between the ird shift and distance* If we 
interpret the red shift in the spectra of the galaxies as the result of 
recession, then the linear relation is between velocity and distance* 
For many good reasons such an interpretation of the red shift is gen- 
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e rally accepted by astronomers and physicists, althougli it is recog- 
nized tliat some as yet unknown factor may contribute to the si>ectrol 
characteristics of these objects which are so distant that their mdia- 
tions must spend from 1 million to 150 million years in intergalnctic 

It is well known that the expansion of the uiuvcrse (recession of the 
external galaxies), which increases in speed with distance from the 
obserrer (wherever he is located), is consistent with the theory of 
relativity. The recessions are, in a sense, predicted* If and wK^ 
we are able to extend our observations to more distant galaxies, it is 
quite probable that the relation between red shift and distance will 
deviate from linearity. 

For the present discussion we shall look toward the past rather than 
the future—toward an epoch of crowding rather than toward unending 
dispersion. The present observed expansion ia such that at n distance 
of 1 million light-years a galaxy recedes at the rate of about 100 
second; at a distance of 5 milUon light-years, at a rate of about 500 
miles a second. One naturally asks if this expansion has bwn going on 
throughout the whole time that the earth's crust has been in evolution* 
There is no reason to think that the situation has been otherwisa. Let 
U 9 tliercfore see where the galaxies were when the earth was young. 

We take tlie rate of expansion specified above (its uncertainty is 
small), and using the number of seconds in 9,(X)0 milUon years, which 
we assume for calculational purposes to be the age of the ciust, we 
calculate 

exiCl^>t3.2XlO'XlO* milcs= 

approximately 10" light-years 

as the distance traveled, since the crust formed, by a galaxy tliat is 
now a million light-ycara distant. This would indicate that such a 
galaxy was, at the time of the origin of the earth, in the immediate 
vicinity of our galaxy. Since the velocity of recession is proporrional 
to the distance, we would find the same result for galaxies now distant 
10 million and 100 million light-years* Tlierefore, some 3,000 million 
years ago all of the untold myriads of galaxies, according to this 
argument, were here with ns, perhaps overlapping our galaxy, or at 
least in its close neighborhood. The congest ion would be astoundingly 
high. Recently I have estimated, from the available metagalactic 
census reports, that more than 20 million galaxies are witliin range of 
our telescopes; more than 5{)0,000 are already on the Harvard photo¬ 
graphs. But even our greatest telescopes do not reach “aU tlie way. 
A fair surmise, based on Eddington’s version of a relaUvistic cos¬ 
mogony, would make the total number of galaxies m the univense 
greater than 10», the number of stars greater than 10«, and tJie masa 
of the universe about 10^ grams* The corresponding number of 
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attHiLs, eiiic€ the universe apparently is still largely ooniposed of Bimple 
hydrogen, is of the order of 10 ", 

"W e have measured the velocities of a good and representative sam¬ 
ple of galaxies; but we should not extrapolate back too confidently in 
our seanh for the zero point of time. Tliroughout the past the rate of 
expansion may not have been constant at the presently observed value. 
It may have been increasing with time. That assumption would 
lengthen the interval between now and the zero time of the expansion, 
liut, however we I 17 to modify the situation, within reason, we come 
to the coticUisioii that a few thousand million years ago our gsilaiy 
was in a region characterized by an exceedingly high density of 
galaxies, stats, and niatter. 

We should now point out some important, almost dramatic, coiuci- 
ences. It is remarkable enough that the age of the observed expan¬ 
sion of tie metagalaxy is of the same order as the age of the earth’s 
crust, mea.siired by radioactivity, and therefore of the earth itself. 
But tins mteryal of a few thousand million years also measures the 
somewhat preliminarily determined ages of the oldest meteorites so far 
^mmed. It is also the interval through which star clusters like the 
1 iBiades must have existed; tlicy cannot be more than a few thousand 
million years old accoiding to dynamical researches by Bok and others. 

- nd finally, this interval, according to the recent work of Chandra- 
sekhar, is consent w ith the ages of wide binary stars. 

Although It bos not been worked out quantitatively, there is a 

*='istence of extended clouds of dust in 
in i‘ ! ‘tk ilount Wilson has provided another 

li/,Tf! tile conclusion, important in cosmogony, that about 

half a dozen lines of evidence point to a time some 3m million years 
ago as an epoch when sometlimg momentous happened. One could 

mi ht amiply call it the beginning of tlie epoch of the Expansion of 
L nivcisc, with Its numerous cunsequent byproducts Or hn Tnidti^ 

10 iu -,... 1 ., ; ' “* ""‘“r SIMutatimS K 

It should promptly be put on record that all the astronomical evi- 

of elobuhr st., TmoVta 

suiucient for everything we observe and reason about But we 
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could well be cautious and say only thftt the evidence of the moment 
is fairly strong in favor of the view that the planoiti the meteorites^ 
the galaxies, the double stars, possibly die dust ore of galaxies, and 
certainly the expansion of the galaxies in the ol^rvahle part of the 
metagalaxy, all date back to Now, a time interval of only 300 
miUlon yea re since T# certainly would not be long encnighj and 30,000 
million would be too much. The geometrical mean, 3X lO"* years, is 
a Convenient number to remember as our current approximation* 

It is not nectary, of course, to go along with LemaStm^s exploratoi^ 
Suggestion and put all the matter of all the galaxies into one original 
cosmic atom, the explosion of which produced the phenomena that we 
now observa But it is consisteut with our various observations to 
accept the former existence of a very highly compressed material uni¬ 
verse, in which stellar collisions might be numerous, fragmentation 
a cocxmoii occurrence, and where the prevailing general confusion 
of matter and motions would suit requirements for an initial chaotic 
phase in the development of the solar system. 

Uertainly the time Ts is a zero point of significance to studente of 
galaxies, clusters, metoors, and the origin of the earth* If the cosmic 
violence at that time was sufficiently high-temperatured, it may be that 
the origin of the highly penetrating cosmic radiation should also be 
dated from To* Some years ago De Sitter suggested that the stars 
themaelvcs may antedate the expansion. And, of course, there might 
have been a loug prestellar state of tlie universe before the shock of 
3 X10^ years ago started the currently existing processes* 

It may require active research throughout one or two geological 
periods in order to settle finally the questions we have raised, 

THE FtJTlTRB OF THE BTETAGALAXY 

In the concluding section of this random discussion of certain 
points in cosmogony, we get completely disconnected from the earth 
and geology* The significant constituents of the metagalaxy in our 
existing cosmogonies are epace-time, radiation, the unit galaxies, 
and interstellar dust and gas. We have been content, in the solar 
tern and even throughout our own galaxy, with gravitation as a domi¬ 
nating force in the moving of stellar bodies^ Radiation pressure is 
in general effective only for particles of a diameter comparable with ihe 
wave length of the radiation* It does not push stars or galaxies 
around. But of late years, as a byproduct of relativistic cosmogony, 
We have coma to the concept of a new force—cosnuc repulsiou. It 
might be called negative gravitation. Its effect can be loosely de¬ 
scribed as the tendency of material bodies to scatter from each other 
when the mean density of matter in space sinks below a certajo ex¬ 
ceedingly small value. 

It ia the cosmic repulsion that is effective in the recession of the 
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galaxies and the expansion of tho universe^ The average density 
of matter throughout our planetary system and even throughout our 
galaxy is so high that th& dispersive tendenej is oTencome by the 
great gravitational forces involved. Even in a cluster of galaxies— 
like the one in our vicinity which includes our galaxy, the Andromeda 
Nebula and its companions^ the Magellanic Clouds, and half a dozen 
others—^gravitation still controls the situation, and our cluster of 
galaxies is not dissolving under cosmic repulsion—at least not with 
marked rapidity. The cohesion that maintaijrs our cluster apparently 
operates in a number of other dose associations of galaxies which 
have come into our records. The mean density in them is high 
enough for gravitational controL But throughout metagalactio space 
in geticral the mean density is perhaps but one-hundredth of the value 
within the cluster of galaxies. The density is, in fact, about 10'“ 
grams per cubic centimeter and too low for gravitation any longer 
to maintain the situation. The expansion that has set in under the 
repulsive force will still further lower the mean density, and it there^ 
fore now appears that wo (the metagalaxy) are doomed to infinite 
dissipation. 

At the same time, through the operation of the laws of thermo- 
dynomii^, the heat of the stars is going out into the coldness of space* 
The universe is steadily approacliing the heat-dealh— a coldness near 
absolute zero in an empty world. 

Such destinies define the future of the metagalaxy only if the 
processes are forever one-directional. Perhaps they arc not. Even 
now we cnonot say that the reverse building-up processes are not 
going on in some parts of the universe. We sec less than 1 percent 
of it. There is, however, no substantial evidence or argument for 
the cyclic restoration of heat and density* And some cosmogonists 
are bold enough to abstain from wishful thinking. 

A farther section of this paper could be written to review the 
situation with regard to interstellar dust and its possible role in the 
forming of stars and in the development of galaxies. Also we 
might present the preliminary hypotheses that deal with the evolu- 
tionaiy passage of galaxies along tho continuous sequence of forms that 
includes systems that ara globular, oblate, spiral, and irregular^ and 
discuss the nature and the formation of spiral arms* The genetics 
of star clusters is an allied study of basic significance* But all these 
galaxy-sized problems are m remote from those dealing with the 
Ci^st of Llie earth and its genesis Uiat vre can scarcely justify their 
disci^ioD in a collection of geological papers. We close diis astro¬ 
nomical contribution with the statement that the planet earth has, 
after all, s most perplexing and exciting role in the stoiy of 
cosmogony* 


ATOJnC POWEE IN THE Lx\BOKATORT AND IN 
THE STABS" 
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When on August«, 1045, President Truman annountsd the destruc¬ 
tion of the Japanese army base at Hiroshima, he did so in "words of 
singular interest to astronomers. 

“It is an atomic bomb. It is a harnessing of the basic power of the 
Universe. The force from which the sun draws its power has been 
loosed against those who brought war to the Far East*^ 

Several conversations heard shortly afterward indicated that many 
took the President’s words literally, and assumed that radiant energy 
from the sun had m some mysterious way been concentrated in bomb 
containers for us© against tlie Nipponese, Presumably people ha’v© 
become so accustomed to startling technological developments during 
the last 3 ye^i^, that they are willing to believe practically anything. 
A few remarks clarifying tlie situation may be of timely LntcresL 
Tlie most obvious feature about the stars is by for tlie hard^t to 
explain—the fact tliat they shine 1 In cdier words, what is the “force 
from which the sun. draws it power”? In their search for an ^swer, 
astronomers have eagerly seized upon each discovery in physics that 
might posibly help them with their own problems. Thus any 
niery of tlie various aiiswerB given to tliis question becomes essentially 
an account of tho growth in knowledge of the fin© structure of matter. 
In this article it is proposed to examine these theorieSj not so much 
with respect to their intrinsic merit, but more for the gradual modi¬ 
fication they have undergone as the result of physical discovery,^ 
Doubtless men have always propounded theories to explain the 
Houree of the sun^a lieat. The first rarionai theories w^ene not advanced 
until about a century ago, soon after the principle of the conservation 
of energy was dearly recognized. Previously they had been bttlo 
more than mere fanciful st>ecu]ation. As for example. Sir William 
HerschePs assumption that the photosphere arises from the decompo- 

* br frtiPI PuTillealliiiii at tl» AitionDnilcil Sscl(t^ laf tHe 
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sitlon of tht solar atmosphere into clouds with the emission of light 
and liettt j or worse still, the suggestion by Sir Jolin Herschel that the 
Fital energies of monstrous creatures—tlie willow leaves of Xasmyth— 
are the true source of luminosity I Two famous theories based upon 
the mechanical equivalence of heat originated about tlie middle of 
the nineteenth century. Although discarded long ago, they still are 
accorded respectful mention because they contain at least some basis 
of sound physical reasoning, 

The first theory of the mcteoritic origin of tlie sun's heat was an¬ 
nounced by J. liobert Mayer* in 1848, Mayer claimed to have been 
the first to enunciate the principle of the conservation of energy, but 
seems to have discussed it in such obscure terms that he never received 
dear title to the distinction. There is no question, however, that he 
anticipated Hehnholtz by 2 years in this respect. 

■Mayer pointed cut that space is known to bo filled with innumerable 
small bodies many of which must bo drawn into the sun with a speed 
appi'oachmg the parabolic velocity of 380 miles per second. As they 
plunge into the sun, their energy of motion would be converted into 
heat. He calculated that a total muss equal to 1^4 the earth’s mass 
striking the sun annually would be sullicient to maintain its observed 
output of energy. At first glance this appears quite reasonable, and 
for a few years Mayer's theory enjoyed considerable success. Closer 
examination, however, revealed that on this basis the earth should 
receive from meteoritic bombardment millions of times more heat lhan 
could possibly be admitted, so that the theory soon became of historical 
interest only, 

A theory ascribing the source of the sun’s heat to friction but in a 
wholly different way was first described by Helmholtz * in a popular 
lecture dellveiicd on February T, 1654, Ho sliowed that as the sun 
loses heat by radiation it must contract, and this contraction is equiva¬ 
lent to the fall of particles by various amounts depending upon their 
distance from the center of the sun. hfaking the most unfavorable 
assumptions, Helmholtz found that a shrinkage of 250 feet iser year 
would be enough to supply tlie sun's annual output of energy, an 
amount too small to be detected for 10,000 years. 

One of the necessary conditions wliicb any theory of solar radia¬ 
tion must fulfill is that the temperature of tlie earth ]iaa not sensibly 
diminished in historical times. As evidence of this condition, Helm- 
bolts cited the cultivation of grapes and olives, plants extremely sen¬ 
sitive to temperature changes, over the same regions that prevailed in 
the days of Homer, Against this evidence it was argued that formerly 
the Gei'man knights had made Uieir own wine and drunk it, but the 

> Id PhUcii. tdI. % p. 24), ISSS, 
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quality of the had dintiged so much that this was no longer 

possible. To this HettnhoJtz replied that it was more likely that the 
throats of the drinkers had changed rather than the climate of their 
country. 

Astronomers became so convinced of the truth of tiie contraction 
theory that they arbitrarily told geologists that the maicimtiin age 
of the earth was 25 million years, and to adjust their evolutionary 
scale accordingly. This the geologists flatly refused to do, as they 
had reasons for believing that thOi nga of the earth was more than 
100 million years. 

Toward the close of the century, the diseoveiy of radiOHCtivity by 
Recquerel and the isolation of radium by the Curies led to the uneasy 
suspicion that friction might not he the sole source of sokr radia¬ 
tion. In 1800, T. C. Chamberlain,* a geologist, dared to chaUengo the 
contraction theory as well as boldly to predict, with startling insight, 
sources of aubatomit energy, “Wliat the intemal constitution of the 
atoms be is yet open to question,*’ ho wrote. “It is not improbable that 
they are complex organizations, and the seats of enormous energicij, 
, . , Are we quite sure we have yet probed the bottom of the sources 
of energy and are able to measure even roughly its sum total I” 

With the reluctant abandonment of llte contraction theory tliere 
followed a long interlude during which nstronomers could give no 
definite answer to the question, “What is the force from which the 
sim draws its power?” They could watch radium release enough 
energy every hour to melt more than its own weight of ice, knowing 
that it could continue to do so for another 1,000 years. Application 
to the sun, however, was little more than a hopeful possibility. No 
radioactive substances had been identified in the solar atmosphere, 
and there was small prospect of detecting spectral lines of such heavy 
elements. Besides, nob^y had the faintest idea whenoe radium 
derived its energy. Then in 1SC5, Einstein ^ published a paiJer of less 
than 500 words which changed the whole situation and has continued 
to eiert an ever-increasing influence on modern physicsi From con¬ 
siderations based upon the electrodynamics of moving bodis, he 
showed that if a body gives oil energy, Z, in the form of radiation, its 
mam diminishes by L/T*, where F is the velocity of light.* From 
this he concluded, “it is not impossible that with bodies whose energy- 
content IS variable to a high degree (e. g., with radium salts) the theory 
may be put to a successful tesL” 

There appeared to be two ways in which mass might be converted 
into energy. The more radical involved the total annihilation of 
matter, The case generally envisaged was a hesd-on collision between 
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an electron and a proton in which both vanish, only to reappeor as a 
radiation of frequency 2.3 X 10“*, Tliere could be no doubt that such a 
process occurring witJiin the deep interior of stars would cortamly 
proTide a potetit source of energy. Chi^f drawback of tho annihilation 
process was the total absence of observational evidence to support it. 
A Ifts energetic but more likely reaction was the formation of heavier 
elements from hydrogen. If, as was then supposed, a hell^ 
consisted of four protons and two electrons, its atomic weight should 
be four times that of hydrogen, or 4 X 1.008=4.033.* On the contrary, 
aocurata measurements made by Aston in 1020 with the mi^ spectr^ 
graph revealed that the atomic weight of helium is 4.002. Thus O.OM 
mass units had presumably been liberated as energy in tlie atom-buUd- 

ing process. , , -ui j 

While the transmutation of hydrogen seemed fairly plansthle and 

was capable of furnishing the minimum amount of energy that the 
cosmoiogists demanded for their various hypotheses, yet Eddington, 
summarising the state of affairs in 1926, found the outlook anything 
but bright Attempts to formulate a theory of stellar evolution basedi 
upon the transmutation of hydrogen were invariably strained. Every 
argument led to a deadlock. “*Unfortunately, the facts as jet do not 
fall into satisfactory order,” he regretlully admitted, “and we are still 
groping for a clue.” * 

For another 10 years astronomers continued to grope for the essen¬ 
tial clue before it gradually became apparent. In 1910, Hutlierford, 
by bombarding nitrogen with alpha particles, had obtained nsygen of 
atomic weight IT—the first case of the artificial transmutation of the 
elements. A whole new field of research was opened, which atomic 
physicists immediately invaded with great exultation. Exciting dis¬ 
coveries and epoch-making developments followed with breath-taking 
speed ; the positron, the neutron, artificial radioactivity, the cyclotron, 
together with the production of a host of strange particles by nuclear 
disintegration unimown a few ycal’s before. And since large quantities 
of energy were released in rantiy of tJiese disintegration experiments, 
astronomers began to eye them with covetous eyes. 

By J939 both our experimental and tlieoretical knowledge had 
progressed to such an extent that it was possible to decide which 
reactions might be responsible for the production of energy in .stars 
similar to the sun.* First, all nuclear reactions Uiat might conceivably 
contribute to generating energy in the sun were written do wn. Then 

tNow. the tellnm bncleu. 1» h*U»«d mCLposcd «H two rtotoni of Wcifitit and 
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opposite well reaction was written the quantity of energy 
the rate at which the reaction would proceed at the tcmperatuTa cal- 
culated for the center of the sun, 20 million degrees, and filially, the 
“mean life” or average time required for the reaction to P ^ 
Inspection of tlic table revealed that only a very 
would provide energy at the rate emitted by the sun. At -0 million 
degrees some reactions would occur so rapidly that the sun wou d 
explode, while others were far too sluggish. In fact, ‘ PJ^ 
obvious that Observations could be satisfied only by a parlicukr 
of leactiona in which hydrogen combining with carbon and nitrogen 
k Csformed into helium with the liberation of ener^. Th^mique 
feature about the series is its cyclical character, neither ca 
nitrogen being consumed but ^rving as true catalysts for _ 

binatTon of four protons and two electrons into an alpha partic . 
Thus 85 years after the origin of the contraction theoi-y, astroiiomcre 
finally found in tlie carbon-nitrof^n cycle a reasonubly satisfacto^ 
answer to the question, “^Vhat is the force from which the sun draws 

mTst Lt be supposed that astronomera now sit ^ck complacmtly 
and regard the matter as closed. Although the ^c 
accounts very weU for the production of energy in stars like the sun, 

?tT.H bien » .hen .ppW ,Ul»r to ^ 

white Btam or cool red giants. Thus 1 Cygni, which m 32,000 lim^ 
as bright as the sun, must be converting hydrogen mto ^ 

that imn hardly have been sliining at its pre^nt rate for mo^ than 
as million years, and probably has only enough hydrogen eft to 
tinue for another 170 million yeais. If the present a^ of the un.veij 
is 2,000 million yea«, then stam like Y Cygni are truly “brief candle 
blazing for a few cosmic minutes only. At the other end ^ ^ 

sequence are stare Uke Cnpcila which have a central temperature col¬ 
lated to be about 6 million degrees, so low that the carbon-nltrogcn 
cycle would fail to operate effectively. In order 
duction of energy in the red giants we are for^ to « ? . 

reactions with deuterium, lithium, and bey hum, 
relatively low temperatures. But it is hard to see how these light 
elements were built up in the red giants in Uie firet 
A question which naturally arises at this time ^y ^ 

subatomic energy used as a source of power /^Os! It would 
seem that if nuclear reactions produce so much heat, and if physicists 
knew how to produce them, then why not harness «indytnal 
use immediatriyl For example, the energy libereted Trans¬ 
formation of a single pound of lithium and hy^gen P™^^ 

proportions would release as much heat as can be obtained from the 

coitibustion of SjlSO tons of coal. 
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answer is that these reactions can be produced in the laboratoiy 
only on an infinitesimal scale fay the eixpenditure of far more eneriTT 
than they release. The nuclear reactions observed before 1939 are 
fundamentally impractical as commercial sources of power because 
they are not self-propagating. A fire once started will continue to 
bnra as long as fuel is available. But in the proton-lithium reaction 
just mentioned, the few alpha particles formed do not lead to other 
reactions with additional release of energy. Subatomic energy, if 
It IS to bo harnessed efficiently, must start a chain reaction that will 
proceed to release energy of its own accord. 

Two decades after Rutherford launched physicists upon an or^v 
of atom splitting, Hahn and Strassemann« reported a new type of 
mic ear reaction which has become of transcendental importance. 
FoIWmg^up experiments by Fermi, Irene Curie, and others, they had 
bombarded nranmni with neutrons and obtained some radioactive 
siitetanciK whose chemical properties resembled barium. Tliis led 
them to think that these new substances were probably isotopes of 
radium, is chemically similar to barium. Further analysis 

^hese products from barium, and at 
last they were forced to conclude that the new substances actually wero 
isotopes of barium. All previous experiments on nuclear disinte* 

Sere ofreacting elements into 
w!m;. weight, such as nitrogen to oxygen, 

WylJmm to carbon, etc. But in this c.xpenment, neutron bomhfreb 

W 92 at the end of the periodic table 

had multod in the appearance of an element of atomic number 56 
near themiddle of the table. oo 

“P«’'*”ncntal reult also conflicted with theoretical ideas coii- 

emisiSi^f nucleus. Previoudy it had been supposed that the repitl 

1 ;r tte nucleus was 

precluded by the Coulomb barrier,” or potential field of force sur- 

rade !!l!i pictured o.s a steep, craterlike barri- 

cat e which prevent!^ exterior particles from reaching the nucleus as 

I as preientmg the nuclear particles from escaping. Using a new 

St“LtJ« 

In Bohr’s Ihmrv'lk'** ™ possihlo. 

I? the particles composing the nucleus of a heavy atom 

of water. Coliectivdy, the molecules cling tightly together, but occa^ 
penally one near the surface, through a scries of favorable collision.^ 
will gam su fficient speed to fly oflf or “evaporate.” In the nuclear cas^ 
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this corresponds to the escspe of an alpha particle or electron from 
radioactive elements. Tf a drop of water is violent!j disturbed it ma^ 
break into several parts. Similarly, if the nucleus receives a powerful 
shock, as when struck by a neutron, it may divide in two, the process 
which has since become known as “nuclear dssion.** 

Meitner and Frisch also called attention to the tremendous energy 
released by the fission of uranium. When ttranium, the lieaviest ele¬ 
ment of all, is split into two elements of roughly half its weight, there 
is an esecss of mass which is converted into energy of an amount given 
by Einstein’s mass-energy relation. 

The energy rdensed by fission of one uranium atom is in engineering 
units 0.000320 ergs, which means that to produce one horsepower we 
would have to split 23,300 billion uranium atoms per second. Let us 
try to visualize these figures in terms of familiar things. To toast a 
slice of bread in an electric toaster lakes about 15,500 calories. Assum¬ 
ing lOO-percent vfEciency in the atom-splitting process, the same energy 
could be obtained from Ihixdy-billionths of an ounce of uranium. Or 
for an entirely dlfierent etatnple, a 100-toti locomotive could run 
from New York to San Francisco on 0.02 ounce of uranium metal. 

Most important of all, uranium fission releases neutrons which are 
more effective in splitting nuclei tlian protons or alpha particles would 
be, since, having no charge, they are not repelled as they approach 
the positively charged lUideus. In the ideal case, the reaction would 
spread with increasing rapidity and if uncontrolled would lead to 
an explosion of tremendous violence. Even if the chain spreads much 
more slowly tlian in the ideal cose the release of energy would still be 
of unprecedented violence, providing that the multiplying factor were 
always greater than unity, and was “compounded” very rapidly. 
According to reports, this entire detonation problem was and still is 
one of the most difficult encountered in designing a highly efficient 
atomic bomb. 

Further work indicated that the ui'anium involved in the fission re¬ 
action is a rare isotope of atomic weight 235, which comprises only 
0.7 percent {Ynx part) of the metal occurring in nature, most of which 
is of atomic weight 238. 

In the light of recent events, It is interesting to look back at some of 
the comments on uranium fission mado about 1D40'. One writer,’* 
after mentioning several points in connection with the new process, 
remarked; “These five points are Uie fancy which may or may not 
come true within our time. There are others, like tlie uranium bomb, 
which go beyond fancy into the fantastic.** Again, E. O. Lawrence 
spoke of the 
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possEbilJt; of B cbalQ rcacEfoD cbat tuts excited the Interest In Dranlam as a 

source at Atdibk energy • • It Is fterliRp^ gufltcKent to BnT tbftt 
ibere ia scime crideDce now tLat, If 17^ couTd be sopuruiod In nii^ntUy from fbo 
nutunil [uLiEure uf isotoii^ tt chain renetbn could:. Indeed, be produced- But 
berciu Ites [he catet, for there Is no practEcal Inri^scQle way In al^ht of separating 
the Isotoiies of tbe heavy eteiucDi^ and certninly It Is doubtful If a wny wUI bo 
found But J edtould not want to Indicate tbiit Lbe nranhtm matter a dis¬ 
appoint meut ■ • Success In this direcUuu may a wait the development 

of a new lustruiuGut or tecbnJQue Jost us tbe airplane depeudod tipou tbe foe 
engine, 

H- E. Wiita faced the future with more confidence. 

Should umnlutii atoms of atomic weight be n^tpon^Lble for the obserratloua 
Just described. It seems reasonable to Silspeet that a small piece of uranLuin metals 
composed entirely of these atoms nlone, should act lUte A bemab and ejcplode 
with far greater violence thau any known esploslve: Here then may be the 
wurce of energy that wiU make the rocket ship a reality. 

Distinctly disquieting is the note stmek by a series of papers pub¬ 
lished iu Nuture and the Physical Review on the products of umnium 
£ssion produced by neutron bombardment by several .Japanese work¬ 
ers at the Nuclear Research Laboratory in Tokyo. Using one of th& 
largest cyclotrons in the worlds on Hay 3^ 1940^ tlicy were able to 
announce production of a radioactive element of atomic number 93. 
This ia the element later named neptunium which, with plutonium 
of atomic number 94, played such an important part in the develop¬ 
ment of the atomic bomb^ There can bo no doubt tiiat the Japans 
were thoroughly alert to all the possibilities of the reaction. 

Can uranium fi.ssion help in the problem of stellar ener^ produc¬ 
tion!. Already Suha^* has suggested Omt the highly ionized atoms 
of iron, nickel^ and calcium identified by Edlen as the source of the 
coronal lines have been produced through some process akin to urn- 
niutu fission. Perhaps it is too early us yet to attempt to apply this 
new knowledge to specific astrophysical probkmSj but its eventual 
importance cannot be doubted* 

One of the nio^ embarrassing questions which astronomers are 
frequently called upon to answer is^ *^lVhat use is astronomy? Why 
botlier to look at a star you can see only tlirough a lOO-inch telescope P 

The atomic bomb should provide an eternal answer to such queries. 
So-called “practicaP men would certainly liave found little to interest 
them ill the eiporiments and theories which atomic physicists found 
so fascinating prior to about 1940. It k true that llie cyclotron had 
valuable applications in therapeutics. But on the surface, much of 
the work would have seemed as useless as the discovery of a white 
dwarf star or the identification of molecule in interstellar space. Yet 
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both physicist and astronomer were concerned with tlw investigation 
of the fine structure of matter, the pliysicist in his laboratory on Ae 
eartlt, the astronomer in his laboratojT’ of tlie sky. And investigation 
of the fine structure of matter was dii^ectly responsible for the atomic 
bomb. 

The essential identity of the two lines of research is tacitly recog¬ 
nized in President Truman’s statement, ^The force from wliich the 
sun draws its power has been loosed against those w’ho brought war 
to tlie Far East,” 
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ATOJnC ENERGY AS A HUMAN ASSET' 


By AsTfEun IL CdMPnnr 
CkaticeUoFt WiuMnffion Si. Louit 


It is with high appreciation conibmod with a deep sense of humility 
that I accept tonight the Franklin Medal of the Acderican Phtlosoph- 
i(^l Society. Coming as it does from my colleagues whose respect 
IP to me a matter of the grentesi Tulue^ you must biow that this honor 
h most highly appreciated* Tet tlie inscription on the Fmnklin 
Medal reminds one of virtues which^ though called for by the critical 
times through which we are passing^ are scarcely to be found. Ben¬ 
jamin Fmnklin himself combined the qualities of scientist with those 
of stati^qnan in unusual degi'ee. Kow, hi the age of atomic energyj 
such a combination is needed by the world as never before. 

It is wdth diilidence that we who have been working on the techni¬ 
cal aspects of atomic energy present before a group of experts such 
03 are here tonight our amateur thoughts with regard to its human 
implications. Yet action is needed^ and only by boldly presenting 
our thoughts for discussion can a reasonable basis for such action he 
reached. 

The ability to release atomic energy gives luankind great new 
powers. These powers can be used for gcMjd or ilL Tlic first use of 
atomic energy was as a bomb whose explosion stopped short a tragic 
wnr with the probable net saving of some millions of lives. Its ter¬ 
rific military destructiveness has made it necessary for us to consider 
afresh how we may avoid future w^ars. Tiie dramatic deiumistm- 
tion of its explosive power has, ho^vever> drawn attention away from 
the significance of atomic energy to our industry, our habits of life, 
and our culture. It is in such peacetime consequences that, atomic 
energy will eventuany mean most to man. 

The atomic age has started as a period of keenest rivalry. The 
rivalry is bet^veen nations md social systems. The prize to be won 
is prosperity and w^orld leadership. It can include peace and security. 
If only we agree to place war beyond the power of nations, the race 
is sure to make life of greater value. Such is the prospect of a world 

' PratiltlEn Mwlal rtnd NoTertbcr Ifl. 1D43, In tJbR ajmiMjfluin on Atomle Encrjcy 
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ftrengHiftHfid by unlimited power from atomic B^ion and forced away 
from war by the extvmples of Hiroshima and Nagasaki. 

I want tonight to consider the human consequences of tlie release of 
atomic energy in three major directions. First is its effect on war 
and the world’s political Biruclure. Second is its application to the 
{n-actical taslis of peace. Third is its effect in cluuiging the form 
of our social life and customs. 

1. HOW SBAIjL we prevent another was? 

World government has become inevitable. The choice before us 
is whether this government will be agreed upon or whether we shall 
elect to fight a catastrophic third world war to determine who shall 
be master. Unity by agreement will bring greater lifei. Unity forced 
by another war will bring death to m.iny millions and disaster to all 
mankind. 

The primary function of this world government must be to prevent 
internationai war. With regard to its economic and cultural Life tlie 
world has during the past century been developing into a unit in 
which tile welfare of each person dejxnds intimately upon that of 
the rest of huinanity. We have indeed become “members one of an- 
other.^' Such development bos not horvever resulted in political world 
unity. The grant destructiveness of an atomic war, even to the victor, 
makes it necessary now for self-preservation to insure peace. In a 
quarrelsome world the only means of insuring peace is, however, for 
the nations to set up an international police foixe which monopolizes 
the power to wage war. 

Now for the first time, however, it becomes feasible for a central 
autboritj to enforce peace throughout the world. Before World War 
II many parts of the earth were diifieult of access by a world police. 
If not a ilaginot Line, at least a strong fighting front could keep out 
a policing army. During tlie time required to bring this policing army 
to the scene the defense of the recalcitrant group could be strengthened. 

Today this is changed. Fast airplanes, long-rimge rockets, and 
atomic bombs hove now solved the technical problem of bringing to 
bear on any area at any time whatever destructive force may be re¬ 
quired to quell resistance. A central authority having virtual monop¬ 
oly of these major means of warfare can now bo equipped to enforce 
international peace. 

The fact is that the United States now has in its possession a suffi¬ 
cient monopoly of the weapons needed for such policing that it might 
be able to act in this capacity of world police. That we do not set 
ourselves up as the xvorld governors is simply because we do not 
want the job. M'e feel that world control is the world’s business, not 
ours. We know that, if we should use armed force to prevent other 
nations from fighting when our own interests were not directly 
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threatened, we should be considered meddlers and should gain only 
the fear and hate of other nations. We should prefer to withhold our 
fighting power unless our own safety is directly ihreatened, and con- 
fine our policing aetiTity to our own reasonable sliare in keeping or er 
within nations that are not now able to look after their own interests 
or that may become dangerous to us if not kept under control. 

Nevertheless, looking ahead it is clear that no mere strengthening 
of our own might can keep us safe. Our safety cannot be kept secure 
by our own military development without international contro o 
the new weapons. Whatever our strength, others also can am so as 
to inflict upon us disastrous damage if war should come. What is 
needed is an agreement which will make our safety much surer then 
could result from our own armed might and whicli will at the same 
time provide for elimination of international wars elsewhere through¬ 
out the world. It is such an agreement that we should seek, sincerely, 
with determination, and with faith that it can be attained with rea¬ 
sonable promptness. The important step that has just been made 
in this direction by tho President of the United Stal^ and tiie Prime 
Ministers of Great Britain and Canada sliould be iveicomed by the 
entire world- 

I am not much concerned with tho precise answer to the question 
of how iong it would require before other nations could be prepared to 
challenge us with atomic weapons- I know they will not do so for 
the nest 5 years. After 25 years, unless some mutual agreement pre¬ 
vents their development, such countri^ as Britaui, Russia, and i ran» 
could arm themselves with weapons similar to ours if they should 
want to spend the necessary effort. The time required would not te 
greatly affected by whether we hold to our own secrets or not. It is 
in any cose only a small part of the lifetime of our Nation that would 
elapse before wo should be faced with the awful possibility of an 

atomic war, , 

As lias been seen by tbe heads of our governments, now is the time 
when international agreements can best be made to prevent such a 
catastrophe. Other nations have not yet developed a pride in their 
atomic might which could give them dreams of world maste^. Our 
own effort has paid for itself many times over by stopping the course 
of World War II. All nations arc now laying plans for the po^ 
war years, and it will be much easier to shape these plans now on the 
basis of world government than to stop th« wild development of a 
renegade nation by imposing emergency military omtrols after it is 

set in its course. j * *i,. 

It may be worth reviewing just what we mean when we refer to the 

great destructiveness of war in the age of atoms. If the future 
mands it, science secs no reason to doubt that atomic weapons can be 
made that are related to the present atomic bomb much as the block 
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blister is to the blunderbuss^ Tet even tlie pre^nt ntomk bomb is a 
bif^hly effective Treapon. If one bomb will devastate four sqxmre 
miles and damag'e a hundred square miles, how many bombs are 
needed to destroy all of a nation^s eoncontnxtions of fighting and in¬ 
dustrial facilities above ground? Will it be 100^ 1,000, or 10,0001 
That is a question for the military to answer. It bas been demon- 
strated that whatever bombs aro required can be produced and de- 
IE veted to tbeir targets. 

Let us try to imagine what may be expected to happen if a war be¬ 
tween two major powers sbould break out in IDTO. We may assume 
that by this time both sides will have such weapons in whatever 
amount thty consider necessary and of greater destructiveness and 
variety than those now posses^ by the United States. Because of 
the enormous ndvanttigB of surprise, Pearl Harbor tactics will be 
employed. Jet-propelled planes or rockets with atr^mio warheads 
will be sent without warning at each of several hundred of tlie enemy’s 
major production centers^ No city of over 100,000 population will 
remain h 3 an effective operating center after the firat hour of the 
war. At least 10 percent of the attacked nation^s population will be 
Wiped out in tlie initial blow. If this nation elects to fight back, 
rockets and planes from bidden installations will carry die reply. The 
attacker in this case can expect no mercy. Tliough his citizens may 
have imme<llately moved underground, his great cities ns well as his 
surface production plants will be annihilated. The fighting will con¬ 
tinue until on© side chooses to surrender or is uniiblo to resist its 
opponent's army of occupation. 

If the United States should be party to such a war, we should ex¬ 
pect Philadelphia, with such neighboring cities as Heading and TVil- 
mington, to follow Hiroshima and Nagasaki into oblivion. With the 
destruction of these cities we should expect about one out of every four 
of their inhabitants to be killed. If our Nation sliould eventtudly win, 
what would we have gained? Perhaps the control of the world* But 
of what value would this be xvith our civilization gone and our popu^ 
lation dccimateiH 

No feasible means of preventing the bombs from striking their tar¬ 
gets has jet appeared on the horizon. Only two countermeasures have 
so far been proposed. Tlie first is to disperse our cities, preferably into 
hilly regions, so that more bombs will be required to destroy them. 
The second is to place all military installations and essential in¬ 
dustries underground and provide emergency underground sJwlters 
for all the population. Clearly such measures will seriously interfere 
with our normal life. So indeed was it inconvenient in tlie middle 
ages to lire m a castle on a hilltop; but safely in n world of robbers 
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aemftiided such a life. Similarly now^ until positive assurance can 
be obtained of security through an international military force, we 
have no alternative but to prepare such shelters and scatter our popu- 
latiou. Death is worse than inconvenience. 

We must keep in mind that, when all are armed with atomic 
weapons, no superiority of one nation can free it from danger of 
great damage by another. One man may own a .22‘target pistol 
and another a higli-power huhting rifla, But neither is Insurance 
against murder by the other. The insurance is to take away both 
guns, or the fear of punishment by the police, or most surely of all 
tlie development of a social conscience for which murder becomes 
unthinkable. 

Is there then any procedure which can free us from the threat of 
annihilationt I believe there is. It makes, however, the Iiard 
demands of sacrifice of national sovereignty and of faith in other 
peoples that will give them a share in the responsibility (or our own 

In the statement issued yesterday by the heads of the govemmente 
of Great Britain, Canada, and the United States plans are laid 
lookiitg toward **entirely eliminating the use of atomic energy for 
destructive purposes and promoting its widest use for industrial 
and humanitarian purpe^es.” They “emphasize that the responsibil¬ 
ity for devising means to jnsure that the new discoveries shall b& 
Used for the benefit of mankind, instead of as a means ijf destruction, 
rests, not on our nations alone, but upon the whole civilizrf noild. 

Let 113 suppose that the United States, Bu^ia, and Britain agree to 
transfer their own total power to wage international war to a Joint 
Military Commission, It will be better to include France and China 
aa the other permanent membera of the Security Council so that 
the Military Commission can function ivithin the framework of the 
United Nations Organization, This Commission will have placed 
under its orders the united armies, navies, and war weapons of the 
member nations. Its charter will give the Military Commi^ion the 
responsibility for stopping any armed conflict between nations that 
may arise, including wars in which the member nations aro them¬ 
selves participants. This responsibility can bo carri^ out since Uio 
major nations will havo contributed to the Commiaion all of their 
own fighting strength except that needed for their internal policing. 
To be effective it seems obvious tlmt tlio actions of the Military Com¬ 
mission cannot be subject to the veto power of any single nation but 
must be controlled by the joint action of some such ^up as the 
Security Council, For concreteness wc may surest further that 
this Commission have its seat in Canada, with its headquarters at 
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either Ottawa or VanrauTer. Canada will accordingly be the home 
ground of the combined armies, the home waters of the combined 
na tries, and in Its vast territories will be dispersed the atomic weapons 
of tlie member nations ready for use in case of emergency. 

As thus envisaged, the military strength of the Commission would 
be BO great as to make hopeless the effort of any individual nation or 
group of nations to challenge its power. At first all of the strength 
in atomic weapons would be contributed by the United States. The 
otJier member nations would, however, contribute armies and planes 
and guns according to their proportionate share. 

When the agreement is reached to the satisfaction of the member 
nation^ the “know-how’^ for producing atomic weapotis would be 
passed on to the Commissjon which these nations entrust with their 
united milltaty power. From tlien on there would be no reason w'hy 
atomic bombs sliould be made by any other group, here or in any other 
country, is there any reason why until such an agreement is 
reached the technical secrets of atomic weapons should be released 
from the countries that now have them. 

The far-reaching agreement here suggested is perhaps one that can¬ 
not be attained at one step. Time will be required to moke the needed 
readjustments of our thinking. But the terrible threat of atomic war 
which Mr, Uppenheimer described so graphically this mornirig is 
upon us, and mokes it necessary for us to make these readjustments 
before time runs out. 

In the exploitation of the peacetime uses of atomic energy each na¬ 
tion will need to give suitable assurance to the others that its own 
control of its atomic industry is such as to prevent the raalevolent 
development of weapons by any group within its borders. It is essen¬ 
tial that such assurance include provision for die inspection to any 
extent that may be necessary by representatives of the international 
UommissioiL 

We are thus proposing that international wars be outlawed and 
that responsibility for preventing wars be placed in an international 
Military Commission that will act under the direction of the Security 
Council of the United Nations Organisiation. This Militaiy Commis¬ 
sion, with its headquarters perhaps in Canada, will monopolize the 
armed forces of the nations that enter the agreement, except those 
needed for internal policing. Under its supervision atomic weapons 
will bo produced solely for its own use. The member nations will 
undertake to prevent the illicit produetiou of fissionable materials 
within their own boundaries, and this will be supported by permitting 
complete inspection of their activities by agents of the Military Com” 
mission. 
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If the nations follow such a procedure with courage and determina¬ 
tion it would seem possible to insure the bunishment of international 
wars. It will then be possible to develop with assurance the peaceful 
fruits of atomic energy. 

Two alternatives have been sug^sted to tiiis idea of preserving our 
safety through an armed international Commission. One is atomic 
disarmament. The other is maintaining our own strength on a con¬ 
clusively higher level than can be attained by any combination of 
other nations. 

I am convinced that atomic disarmament would be a fatal mistake. 
The proposal we have been discussing calls for the resignation by 
every individual nation of the right to make and possess atomic wea¬ 
pons; but it makes this outlawing effective by placing atomic weapons 
at the disposal of the United Nations Security Council. An agreement 
to stop producing atomic bombs would only make it possible for some 
ambitious nation to develop them with the hope of gaining the mastery 
of the world, and our destruction would be the result. 

For a number of years I believe we could as a nation maintain mili¬ 
tary strength greater than any group that might oppose us. Such a 
policy would however tend to unite the world against us, which would 
in the long run be disastrous. It is, furthermore, doubtful whether 
over some peaceful decades our nation would continue support of our 
armed forces adequate to mnintain n high level of superiority. We 
should then become vulnerable to the nation with the lotig-harbored 
gnidge or the newly developed commercial rivalry. 

The answer is rather to outlaw war itself. And this can be done 
by tt strong world “police” which has at its disposal more powerful 
weapons than any recalcitrant nation can hope to acquire. 

It is clear, however, that while working for such nn agreement for 
a united intemationnl armed force we, as well as other nations, cannot 
avoid the policy of maintaining our own armed might at a level that 
will make attack by a potential enemy unprofitable. Wlien our efforts 
for agreement are successful, our weapons and an appropriate share 
of our Army will be turned over to the Commission, For the time 
being, only we are able to produce such weapons, and it is our task 
to see that they are made available for this world “police.’^ Thus the 
Commission will start with the strength necessary to fulfill its re¬ 
sponsibilities. If by some mischance the attempts at nn agreement 
should fail, our strength will bo doubly needed to discourage attack 
from any potential enemy. 

There is thus real hope that another atomic bomb may never be used 
in war, and, thanks in part to atomic weapons, that international war 
itself may already be obsolete. 
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2. THE PEj^OETIME IMPLICATIONS OF THE HEI^SE OF ATOMIC 

ENEROT 

Enougli regarding the destructiFe uses of atomic energy. Of much 
more inter^t is its use as inan^$ willing servant. In tha long run it 
can hardly be questioned that the peaceful applications of atomic 
energy will be those that will most profoundly affect our lives. What 
these important applications will be is, however) as difficult to predict 
as it would have been a century ago, just after Faraday laid the 
scientlhc basis for electrical engineering, to tell the future meaning of 
electricity. At this moment the obviously great field open to atomic 
energy is that of production of useful beat and power. We also see 
important though limited medical and industrial applications of ra¬ 
dioactive materials, firtifically produced by atomic chain reactions. 
Perhaps more significant than either are the new vistas that will be 
opened up by sdentifio esperimcnts that make use of the byproducts of 
atomic fission. 

Such had indeed been the case with such discoveries as X-ray. Fifty 
years ago it was evident that X-rays were useful for ^^^seeing’^ through 
objfxjts, such as the human body, which are opaque to ordinary light. 
It could not be predicted that X-rays would become n powerful weapon 
in tlie fight against cancer, or that researches made Iby X-rays would 
reveal the electron and with it give us the radio and a host of electronic 
devices. 

Such unforeseen developments are the result of every great discovery 
of science. It will nevertheless be worth noting some of the definite 
practical applications of utonijc energy that we can now see clearly 
before us: 

At present, controlled atomic power in the form of heat is in con¬ 
tinuous production in large quantities at several plants, especially 
those at Oak Kidge, Tenn., and at Hanford, Wash. Tlie heat from 
these plants is a byproduct, and is carried away in the one case by 
air and in the other by a stream of water- The useful product is neu¬ 
trons which are used in the plant as a means of transmuting certain 
chemical elements to others of specially ttseftil characteristica- Of 
these transmutation proce^cs the most imporfant one is that of 
uraniunfi into plutonium. Previous to the fission chain reaction the 
most abundant source of neutrons was the cyclotron which operates 
on electric power. Per kilowatt of energy used, the fission chain reac¬ 
tion gives some 10,000 times as many neutrons as a cyclotron, and 
it is not difficult to make a fission chain reaction plant that delivers 
100 times as much power as is used by a cyclotron. This means timt 
right now we are using lar^ amounts of atomic power many times 
more efficiently for the particular process of producing neutrons than 
the best electrical machine that we have been able to devise* 

Looking to the future, we may expect the u$e of neutrons as a means 
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of pTOtlucmg now elements by twnsmntation to becoms of mt^reEislng 
itoportance. Plutonium is a concenti-ated source of available energy 
aud will be u valuable matei'ial for peaceful purposes as well as for 
building weapons^ 

Other artibcial radioactive oloiuetits, especially rudioaetive ones, 
will also find use in medicine, in industry, and in many branches of 
science. It is yet too early to see clearly how important these uses 
may become. 

We have not yet built an atomic power plant that is generating elec¬ 
trical power. This is merely because we have been engaged in winning 
a war and there has been no serious shortage of electric power. If 
there were suBlcitint demand for a demonBlration, a reasonably efficient 
plant using super-heated steam for driving a turbine could be put into 
operation within a year. Before, however, such plants can be made 
economical competitors with existing practice, a number of years’ 
development will be required. 

While there arc several other possibilities, the most obvious method 
of producing power from atomic fission is to heat a cooling agent 
such ns air or steam or liquid metal in tlie chain reactor unit and 
pass Uiis heated coolant tluough a heat eiehanger which heats the 
steam for driving a turbine. Beyond the heat exchanger of such a 
plant everything would bo done according to standard practice. Up 
to the heat exchanger all the design requires new fealurea, among 
them protection against the extreme radioactivity of evetything, in¬ 
cluding the coolant, that has been exposed to the iieutrona. 

The chain reacting unit itself can assume many forms. The one 
essential is tliat it shall contain a fissiouablo substance such as 
uranium, cither in its natural state or, if a small unit is desired, en¬ 
riched with additional U“236 or plutoninin. H. D. Smyth, in hia 
official report, has described in some detail how this active material 
can bo combined with a moderator such as carbon or beryllium or 
heavy water so as to bring about the drain reaction. 

The large atomic power plants now used for producing plutonium 
have in them many tons of natural uranium and graphite. By using 
uranium containing more than the tisual fraction of U-23S, chain re¬ 
acting units have been built that are of much smaller size. 

There is, however, a lower limit to the size and weight of an atomic 
power plant that is imposed by tlie massive shield newied to prevent 
the neutrons and other dangerous radiations from getting out, ^ext 
to cosmic rays, these radiations arc the most (ieneirating that we know 
and, for a plant designed to deliver for example no more than 100 
horsepower, are enormously more intense than the rays from a large 
supply of radium or an X-ray tube. To stop them, a sliield equivalent 
ill weight to at least 2 or 3 feet of solid steel is needed. There are 
basic laws of physics that make it appear very unlikely that a lighter 
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shield can be devised* Tliis means that there is no reason to hope that 
atomic power units for normal uses can be built that will weigh less 
than perhaps 50 tons. Driving motor care or airplanes of ordinary 
size by atomic power must tlius be counted out. 

Prominent among the advantages of atomic power are the extraor¬ 
dinarily low rate of fuel consuiuptiou and consequent low cost of fuel, 
the wide dcxibility and easy control of the rate at which power is de¬ 
veloped, and the complete absence at the power plant of smoke or 
noxious fumes. With regord to fuel consumption, when completely 
consumed, the fission energy available from a pound of uranium is 
equivalent to the energy obtained from burning over a thousand tons 
of coal. With the prewar price of uranium oxide at roughly $3 per 
pound and of coal at $3 per ton, this would mean the economical use of 
uranium as fuel if only one part in a thousand of its available energy 
is used. Actually we should expect the first plants built for producing 
atomic power to be considerably more efficient than this in their use of 
the fission energy which would mean a substantial cost advantage in 
favor of uranium. One must consider also, however, the need to 
purify and fabricate the uranium into the desired form. For certain 
types of power plants under const detatioii, some separated U-S35 is 
required and this is expensive. Attempting to consider all such 
factors, it appears that the fuel cost of the atomic power plant of the 
future will nevertheless be small os compared with the corresponding 
fuel cost of a coal-buming plant. 

In considering the economic aspects there are, however, many other 
factors. It is not really possible for these to be explored until we have 
actual experience with atomic power plants. First is the capital cost. 
Clearly, if one must charge against the capital cost what is spent in 
research and development, this cost is very high indeed. If, however, 
one locks down the line to a billion dollar a year national industry 
based on atomic power, the Nation can afford a considerable investment 
in tlie research and development required to bring this industry into 
being. When this development is completed, it appears not unlikely 
that the cost of building and maintaining a large-scale atomic power 
plant may compare favorably witli tliat of a coal-consuming plant of 
the same capacity. 

Much remains to be learned, however, regarding the metallurgical 
and other technical problems involved in constructing a successful 
plant to transform fission energy efEcicntly into high-temperature 
heat. The materials to be used may be expensive. The designs are, 
neverthel ess, essentia LIy simple. An inherent adyantuge of the atomic 
power unit is that Uie lieat sources, i. e., the urenium blocks, can readily 
be maintaiued at any desired temperature regardless of how rapidly 
the heat is being removed. This means tliat a relatively small-size 
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heater unit will be needed and that corroaion due to eseessivo heating 
is controllable. 

The terrific bhists produced by the atomic bombs hare led to un¬ 
warranted fear oi accidental explosions resulting from the normal xise 
of atomic power. Explosions such as destroyed Hirosliima cannot 
occur accidentally. Such explosions must be carefully planned for. 
The dangers of explosions of the **boi]er'’ type with an atomic power 
plant are about the same as with a stenm plant, whidi is to say they 
are practically negligible if tlie plants are designed end handled by 
competent engineers. 

There is, nevertheless, real possibility of damage to health of the 
operating personnel from ioniimting rays emitted by the plant it^lf 
and by all materials tliat are taken out of the plant. ‘ These materials 
could also become n public hazard. This is the problem of the health 
of radium and X-ray workei's on a grand tscale. That tlie problem 
can bo solved is sliown by the fact that in all of the operations of the 
existing half dozen, or more such plants, some of which have now been 
working for years, not a single serious ex^xisurc has occurred. This, 
however, is due to the thorough inspection and vigilant care given by 
the health staff headed by Dr. Robert Stone. In some of the experi¬ 
mental work we have not been so fortunate. Until we become much 
more familiar with nucleonics than we are at present, atomic power 
plants can be operated safely and serviced only with the help of health 
supervisors who are familiar with radiological hazards. 

All of this points toward using atomic power first in relatively large 
units wiiero cai'eful engineering and health supervision can be given. 
An obvious suggestion is its application to the power and heat supply 
of cities and of large industrial plants. liYithin 10 years it is not 
unlikely tliat the pow er companies designing new plants for city serv¬ 
ice will bo considering favorably the use of uranium instead of coal 
for purely economic reasons. 

This of course does not mean that atomic power will put coal 
of business. Each null have its own field. For small beating units, 
sudi as the kitchen stove, atomic power has no place. If our national 
economy grows os it should, coal as a chemical agent, as for example 
in blast furnaces and preparation of organic chcmicaJs, will increase 
in importance^ 

From the point of view of the national economy tlie introduction 
of such a new source of power is a clear gain. If it will lessen tho 
cost of heat and power to our cities, it will be a stimulus to every 
industry. If it reduces the pall of winter smoke, it will be a lioon to 
us all. If it gives cheap power where industry' and agriculture need 
it but cannot now get it, it will extend our economic frontiers. These 
are po^ibilities that lie immediately before us. 

TSEsnz———IS 
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3. ATOMIC CNBBOT AND OCR WAT OF LIFE 

Atomic energy is just one more step along the path of technological 
progress. It may. however, be the supreme gift of physica! science 
to the modern age. Clearly its value will be determined by the use 
to which It is put- It is especially worthy of note that, along with other 
technical advances, the effect of atomic power is to force human so* 
ciety into new {mtierns. This need for human growth to meet the 
responsibility of atomic power is the basis of Korman Cousins’ strik¬ 
ing statement that ^modern man is obsolete.” 

Let me note brieff j three such effects of teclmology on society that 
can bo clearly recognized. These are, ffrst, to wal'd greater cooperS' 
tion, second, towanl more training and education, and third, toward 
evaluating one^ life in terms of service rendered to tlie oommunity. 

First, the society that is adapted for survival in the modem world 
is one in which an increasing degi'ee of cooperation occurs between 
diverse groups spread over ever larger areas, As an example, con¬ 
sider the atomic bomb project, in which about a million people of all 
type.s and descriptions and spread throughout the Xation worked 
together to gain a needed result that could be achieved only by a great 
coordinated community. 

In no held is the growing importance of such cooperation more 
evident than in that of scientific research, Faraday, a century ago, 
was one of the first professional scientists. Working by himself, 
he covered the whole held of electricity and much more besides. 
Sixty years ago Tliomas Edison organized what was perliaps the first 
research team to .work witli litm at Menlo Park. Jfow our country 
has thousands of researcli laboratories, From ISOO to 1940 our uni¬ 
versities develoi>ed organized research groups for studying specific 
problems. Astronomers built specialized observatories. Research 
centers grew for studying diseases Teams of physicists built cyclo¬ 
trons and surveyed cosmic rays over the world. Wlica the war came 
cooperative research became of greatly increased size and effectiveness, 

The development of the methods for producing plutonium is typical. 
At the peak there were engaged on this one problem roughly 6,000 
laboratory workers in more than 70 locations studying its different 
aspects. Ifot only theoretical physicists and nuclear chemists wero 
needed. Equally vital were corrosion experts and metallurgists and 
hacmatologists and meteorologists, laboratory teclmicians, mechanics, 
and office workers of many kinds. Xo one person could be skilled 
in every field or understand even the meaning of the answers to the 
many problems. But somehow the group mind integrates such 
knowledge into the useful form that results in a process that success¬ 
fully produces plutonium. 
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There remains, linppily, a valuable place for the individual research 
man who masters and advances his own limited field of study. His 
specialtv, however, is of little value except as a part of a broader field. 
More and mow we find that even in a limited field a team of men with 
different specialties working together does the most effective work. 
New thoughts develop in their discussions. More refimd techniques 
are avaLiable. A team which thus supplies a combination of ongi- 
nality and special skills is tlie pattern toward which research is 

moving. . , , 

Cooperation is thus the very life blood of a society based on wience 
and technology. Such a society is necessarily made up of specialists, 
not only scientists and engineers, but skilled laborers, salesmen, ad¬ 
ministrators, educatois, and legislatora. Working alone such spe¬ 
cialists (ire useless. When their work is coordinated they foim a so¬ 
ciety of enormous strength. It is a maior source of our Nations 
vitality that we have so many diverse elements In onr popuhition, 
Kach has its place among the many specialties. Wliat the st^iety of 
an atomic age cannot permit Is the development of antagonisms be¬ 
tween these groups that will prevent effective operation. To love 
our neighbors is becoming the condition of survhal. And our nei^gh 
bors with whom we work are to be found in all divisions of society 

throughout the entire w'orld. ^ 

As the second evident effect of technology on society, consider the 
need for ever-increasing training and education. It is because of the 
mechanical skill of many millions of workers, the know-how of our 
many technical men, and the administrative skill of our industrial 
and military leaders that out country has come out ahead in this 
war as in the last. It is no disparagement of the American engineers 
who have done these great tasks to point out that most of the new 
wartime developments that have led to victory, such as radar, sub¬ 
marine detection, rockets, and the atomic bomb, have had to be led 
by men whose scientific knowledge is far in advance of that supplied 
by our tcclmical schools and industi-ies in the training of engineers. 
To compete in the modern world more people need more training. 
Not is technical training all that is required. Of greater importance 
is more education for leadership, In a democratic society that is 
forced into a position of world prominence, our citiaens as well m 
our leaders need to understand the problems and human needs of aU 

tlie nations, , „ , , 

This pressure f or more training and education applies at all le^ls, 
Automatic machinery performs an increasing number of routine jobs. 
The demand for skilled mechanics to make the machines is thus in¬ 
creasing while that for unskilled labor falls off. Tlie growing com¬ 
plexity of society multiplies rapidly the demand for aU kinds of 
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persons trained to keep tlie work coordinated. Thcs® range from 
typists to administrators. Of tlrose mhose over-all view of the needs of 
society is adequate to guide wisely an industry or the growth of a 
eornmunity there is an acute shortage, 

Tlie result is more students wanting more extonsive education in 
schools and colleges. Professional schools are becoming graduate 
schools. More research men will want to carry their studies beyond 
the doctor’s thesis. Tl»e inteiTuption of our college education during 
the war places our Kation at a temporary disadvantage with regard 
to highly trained young men and women and is for the moment 
keeping dou'n the enrollment in our advanced classes. All indica¬ 
tions are, however, that the postwar pressure on our institutions of 
higher learaiug will increase and continue. There is growing interest 
likewise in all aspects of adult education as our citizens strive to 
keep themselves abreast of the rapid changes of the times. 

The third and perhaps the moat remarkable trend is an increasing 
concern that one’s activities shall contribute to the welfare of society. 
It is more dilTicult to establish this trend by citing examples than it 
is to show the increase of cooperation and of education. But it is, 
I believe, no less real. The ancient high regard for the “holy man” 
who retired to a monastery and separated himself from society finds 
little sympathy in our modern life. Reading of American colonial 
history shows that the freedom for which our forebears fought was 
primarily tlie right to live their own lives in the pursuit of happiness 
without unnece^ary restrictions, not primarily the opportunity to 
shape a better society. Ifow both capital and labor strive to justify 
their position in terms of the usefulness of their contribution to 
society, and our Nation has fought a war with unparalleled unanimity 
because our loyalty to the common cause made us ready for any 
sacrifice. 

We have not had in this country prominent movements similar to 
that in Germany, w’here the youth was whipped to patriotic ardor by 
the call to lose one’s self in the greater good of the state. Nor has 
any “cause” in this country perhaps met with the wide response the 
Russians have given to communism as n political system in which 
each person consciously works for the good of all. Yet Americans 
respond to many calls to service. As members of scientific societies, 
we are aware of our own increasing attention during the past gencra- 
tioQ to the social responsibilities of science and scientists. The 
present active concern of the scientists about tlie political disposition 
of the atomic energy problem is apparently only a representative 
example of the anxiety of ever^'one in the Nation that with the great 
issues with which humanity is faced his own actions may help rather 
than hinder a good solution. The greater powers placed in our liands 


ATO&ltC ENERCT AS A HUMAN ASSET—COMPTON 17o 

by technology seem indeed to mnko us more acutely aware of our 
Tcsponaibility to use these powers for human ends that go beyond 
ourselves. 

Typical of tlio forces working in this direction is recognized nc«l 
tliat our form of society must attain its fullest strength if it is to 
survive in tlie fierce competition of the postwar world. We have come 
to realize how'ever that our strength lies in the many nullions of our 
citizens who are working eJHciently and loyally at the Nation s tasks. 
Widespread education, encouragement of each individual to seek for 
the place in the game where he can play best, opportunity for advftnce>' 
meat and leadership—all these have lielped to strengtlicn our society. 
Self-preservation demands that all possible effort be given to enable 
and encourage every citizen of the country to contribute his best to 
the needs of the Nation. To attain this result, cultivation of tlie spirit 
of serriefc is of first importance. ^ ^ _ 

The evolutionary law of tlie survival of the fittest applies to societies 
as well as to individuals. According to this law the society of the 
future will inevitably advance along tliese lin^ of cooperativeness, of 
education, and of individual concern witli service toward the common 
welfare. If selfish interests or an ill-adapted lomi of government 
should prevent our growth along these lines, some other nation or 
group that can develop thus more rapidly will pass us by. 

You will not© that these factors which give strength to society are 
precisely those that characterize the highest type of citizen. Coopera¬ 
tion: he likes to work with others on a common task, Educatiou: ho 
has learned to do his own useful task and to share intclligently in solv¬ 
ing public problems. Service: the central objective of km life is to 
contribute to the common welfare the maiimuin that his abDities mako 
possible. These also are the factors which make life of greatest value 
to the individual lumself. 

Jly point is this: the release of atomic energy is merely the most 
recent important step of Utat steady progression of science that is 
compelling man to become human. He must pay careful attention 
to cooperation, education, and service for the welfare of society if he 
is to thrive under the conditions that science imposes. If wo wiU let 
ourselves grow as thus indicated, the civilisation of the atomic age 
promises to be the richest that history has known, not only with regard 
to material bounty, but also in its cultivation and appreciation of 
the truest human values. 

How then are we justified in describing atomic energy as a human 

nssetl , 1 - 1 , 

First, atomic energy now supplies for the first time w'capons which 

make it possible for a centralized world government to prevent wars 
between nations. Having made war intolerable because of its enor- 
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mous dfeLriicti?e poiser, it thus c^pen^ the way for an intermtional 
organization to prevent war from ever oocnrring again. 

Secondj atomic energy is now a source of useful new materials pro¬ 
duced by transmutation. It proinisea to supply us with heat and 
power available in large quantities wherever needed and thus to open 
new ecoiioniie froiitiers. Jfew advance in medicine, in industry, and 
in science are on the horizon. 

Xliirdj as the most recent great step in tlie long progression of ad¬ 
vances in scicnos and technology, the advent of atomic energy is 
forcing mankind along the difficult road to greater huinotiity^ Grow¬ 
ing cooperation, e^lucatioii, and spirit of service are evident trends- 

Tlie present is thus a time for hope. True, the atomic bomb hns 
brought us face to face witli tlie fact that continued world strife will 
mean disaster and death. It is, however, likewLse-true, and much more 
worthy of attention, that the way is now o|)en as never before for 
the world to reach a tnie unity, with world pence a necessity that can 
and will bo attained^ 

When our first parents ate of the fruit of the tree of knowledge, they 
became as gods, knowing good from evih Much as they longed to 
return to tlio garden of innocence an angel with a fiery swoi*d stood 
in their way. Their only hope for peace Jay m work to make the earth 
give them a fuller life. Somehow the marvel occurred that in their 
w^ork they became human souls who shared tlio task of their Creator 
and came to be called His children. 

The same angel with the same fiery sword prevents us from retum- 
iug to a prc-atoinic age. We have no choice but to uso our great new 
powers in the effort to build a better world. 

In die fierce competition between social syotems in the atomic age^ 
the need for strength demands that w‘e enable every citben to con¬ 
tribute to the common welfare as hk abilities may permit. Perma¬ 
nent peace can now be secured if we will work for it^ Increased pros¬ 
perity with broader horizotis lies before us. Greater development of 
the human spirit is the inevitable consequence of tlie increased 
responsibility for using our new powers. These are among the great¬ 
est of human goods. 



the scientific importance of x-rays » 


By L. HiwmT M. D* * 

[WltH tplitflil 


Cdidc, come, atid sit jnu down; jUmII ool 

Yotl 3!0 not. till I set ym up s 

Where you mny see the Kutuovt purt of jotl 

1 ilaflv.le(, uet fJ I, |« Wmc* > 


The diaceming English dramatist wrote these amaiingly prophetic 
lines some 300 years before a modest German physicist announced the 
discovery of n *‘ncw t>Tie of luys." Yet, had he known, Shakespeare 
hardly could hare pennod a more apt description of a fluoroflcopic 
examination—aided, it is granted in this instance, by a 
which the good Queen of Denmark might '"sec her inmost part. To 
continue the remarkable coincidence, the Queen, like many an appre¬ 
hensive patient, replies to Hamlet: 

What wilt thou dol^ Tbou wilt not ipurd«' toet 


And PoloniiiB criijd forth; 


Wliflt hoi lielft hfelp, help I 

Before the days of shockproof X-ray equipment, such a scene might 
have taken place in a radiologists office; today it should be a rarity 
(unless Polonius confronted with the statement for »n unusually 
prolonged and complicated scries of examinations). 

In the half century which has elapsed since Roentgen’s announce¬ 
ment there have been many developments in medical science which, 
at Sret glance, might seem to dwarf the tremendous importance of the 
discovery of X-ray, These developments include the perfection of 
antitoxic sera, of remarkable antibiotic agents (the sulfa drugs, peni¬ 
cillin, and similar molds), of stored blood or blood derivatives, and 
linally of planned atomic disintegration. Yet we believe it is safe to 
hazard the guess that in another 50 years we still shall look upon the 
X-ray as one of the developments of major scientific import of all time, 
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as well OS one of Hie most valunbk weepom for medieal care* We shall 
look back iind thank the pioneers in physics^ electricity, radiologyj and 
general medical pedagogy who made equipment practicable and who 
encoui-aged physicians to specialize in the field of X-ray diagnosis and 
treatment. 

GENERAL CONSIDERATIONS 

To appreciate the importance of X-rays it is desirable that certain 
basic facts be kept in mind. These rays are penetrating radiations 
corresponding to light rays but ImTing much shorter wav^e lengths. 
They may be used in a manner similar to light rays for the inspection 
of some materials and, by virtue of their peculiar properties^ for the 
analysis of others. Gross inspection methods include simple roent¬ 
genography (or X-my ^photography'") and roentgenoscopy (or X-ray 
fluoroscopy); detailed inspection methods include various other means 
such as microradiogrophy, Roentgen spectroscopy, Roentgen diffrac¬ 
tion, and so forth. In practice^ X-rays usually arc generated by allow¬ 
ing a stream of high-speed electrons to impinge upon a metal target- 
Tliey have wave lengths of from 10.0 to 0.01 angstroms, and effect a 
sensitized film in a m.inner similar to that of light rays. Tlicy also 
cause certain substances to fluoresce. The mateTials through vrhich 
they pass are ionized and give rise to scattered X-mys* Because of this 
ionis^ation, the rays are of use in the treatment of certain medical con¬ 
ditions. X’-rays cart be reflected, refracted, and polarized by special 
means (including the use of crystals). 

The principal use of X-rayg lies in their ability to penetrate opaque 
objects. Such olijeets arrest the rays approximately in direct propor¬ 
tion to their densities. Substances of low atomic weight such aa cotton, 
gauze, and aluminum, are traversed readily by the rays, while other 
substances such as bone and heavy metals are opaque, and cast a dense 
shadow on a sensitized film. Some materials arc transparent to light 
rays but opaque to X-rays (for cNatuple, a plate of lead glass). 

In the radiographic e^cariunatiou of materials (both oiiimate and 
inanimate) it is important to remomher that the delineation of nn 
object depends on it^ differing in density from its surroundings. 
Unless such difference exists* the outline of the object cannot be sho™ 
on Old in ary roentgenograms* A simple example of this is the demon- 
ftrabdity of the heart in X-rays of the chest. Surroundcfl as it is by 
air-filled lungs, the heart is readily visible in chest films. However, if 
nature had placed it in the middle of the liver, no distinct shadow 
would be cast aa the liver is of approximately the same density. 

Under ordinary circumstances, X-mya are not directly visible and 
require a specially prepared surface for their detection (a fluoro¬ 
scopic screen or sensitized film). We use the adjective “ordinary” 
because you actually can ^o X-rays with a little trainmg and practice. 
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Unfortunntely, if you look at them sufficiently long, you will lose 
your eyelashes, and probably your eyebrows, if not most of your hair. 
This is because of the destructive effect of large ainouiita of X-rays 
on the iiiiir follicles and other living tisBues. However, it is safe to 
gaze at the mys for a few minutes, using n small beam (perhaps 1- 
inch diameter). One must sit in total darknes for some 30 minutes 
before he can appreciate the faint fluorcsceuco produced by the rays 
on tlie human retinn; one is then able to see small lead objects placed 
between the X-ray tube and the human eye, and, if one has an oputiue 
lens (cataract) or oomca, ho can ascertain whether or not the optic 
nerve is intact. The method is used occasionally by radiologists, at 
the rctiuest of eye specialists;, to assure that the patient has an intact 
retina and nerve before surgical procedures on the comeo or lens are 
performed. It is to be noted that objects will seem uj^side down, 
since the focusing power of the human lens will be ineffective with 
X-rays, 

The action of X-rays on photographic film is similar to that of light 
rays, Ordinary X-ray films are wated on both sides with a silver 
halide emulsion, capecially sensitive to the violet iunge of the spec trum, 
because they are used mostly with double intensifying screens which 
glow with that color. These screens consist of thin pieces of card¬ 
board coated with calcium tungstate and a protective transparent 
film. They are placed in a special bakelite or aluminum-fTOiited 
frame, and for satisfactory results must make perfect contact with 
the film. Special nonscreen films may be used for improved detail, 
blit are from fi to 10 times slower than screen films. The modern film 
has a cellulose-acetate base (with no greater fire hazard than paper). 
The finished roentgenogram is a negative iniuge end is studied in a 
flashed opal gloss illuminator. 

The fluoroscopic screen usually is made with zinc sulfide because 
it must carry on image to be viewed directly and this chemical fluo¬ 
resces in the color range to which the eye is quite sensitive (yellow 
green). Roentgen’s original screen was made of barium piatino- 
cyanidc, which wag much less efficient than the proBent type. All 
fluoroscopic serteng must be covered with lead glas. to protect the 
operator from exposure to X-rays. The operator must “adapt” his 
ey^ prior to examination by remaining in a darkened ^m for several 
minutes or by wearing special goggles before beginning tlie work. 

A beam of X-rays consists of electromagnetic radiations of various 
wave lengths. If of very short wave length they are of high penetrat¬ 
ing powers if of vei 7 long wave length they may penetrate only a few 
millimeters of tissue. The quality of a beam of rays may be measured 
by various methods, the most convenient one in ordinary practice being 
the detcitninatiou of their absorption by some material such as copper 
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or aluminum. A spectrometer can be employed, but ta too time- 
consuming and troublesome for routine use. The quality is esprcssed 
as the thickness of an absorber which reduces the intensity of a given 
beam to one-half its initial value, and the resulting figure is known as 
the half-value layer for that beam. For low-voltage rays (up to EO 
kilovolt) cellophane may be used as the absorber; between 20 and ISJO 
kiloToU, aluminum; between 120 and 400 kilovolt, copper; and for more 
than 400 kilovolt, lead or tin. A refinement of Ute method is to record 
e second ha If-value layer, the ratio of the second to the firat being used 
as an index of homogeneity. It is to be noted that the expression 
half-value layer is only part of the description of the quality of a given 
beam; for scientific purposes one also must specify the nature of tlie 
target material, the tube wall, and the generator wave form. 

The quantity of X-rays in a given beam at a given point may be 
measured by recording the ionisation in a fixed volume of air or 
gas at that point. The “roentgen” is Uic unit of X-ray quantity and is 
defined as “that quantity of X or gamma radiation such that the 
associated corpuscular emission per 0.001293 gram of air produces, 
in air, ions carrying one electi’Oslatic unit of electricity of either sign.” 
The mass of 1 cubic centimeter of air at 0“ centigrade and 760 millime¬ 
ters of mercury is 0.001203 gram; in biological work, 1 roentgen equals 
83 ergs per gram of tissue. The rays usually are measured by an 
electroscope attached to a small Uiimble chamber composed of a special 
light plastic material. It is of interest to note that the almost uni¬ 
versally used instrument at the present time is a “condenser Boentgen 
meter’’ designed and manufactured in Cleveland, Ohio. 

x-hats in science 

The importance of X-rajs to science in general is so great that a 
volume would be necessary to describe it. However, a few of the more 
interesting applications of X-rays will be mentioned in this article 
and an attempt made to give a clue to their true value. For the sake 
of brevity the sciences will be grouped into a few general categories. 

Aitatomy and fhydology .—^The importance of X-nvjfS to anatomy, 
comparntiTe anatomy, paleontology, and associated sciences is now 
well appreciated. However, it is not realized generally that the modern 
method of teaching anatomy to medical and other students involves the 
use of roentgenological demonstration of the skeleton and its various 
associnted soft parts, both in the coda ver and in the living subject. In 
this manner the appearance and behavior of bony and other structures 
in the living is demonstrated in a way never before possible. The 
study of the riceletal develo]>ment in vertebrate embryos is facilitated 
enormously by Boentgen metliods. The anatomy of small and large 
animals is revealed in zoological work. The status and often the 
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diseases of mummies 11187 ^ determined without opening the nrrap- 
piijgs or even the sarcophagi. Genetics lias been furthered by study¬ 
ing the beliavior of many species, notably DrosophUa melmxogwsteT 
(the common fruit fly) following exposure to specitic quantities of 
X-rays (with tlie production of subsequent mutations of certain 
types). 

Physiology is greatly indebted to roentgenologic methods, notably 
in connection with tlie study of the alimentary tract, the circulation of 
the blood, and Urn functioning of moving parts, especially joints. 
X-ray “movies” as well as fluoroscopy and “still" films have been 
used extensively in this field. As an example of their value in ono 
small department the X-ray (kymographic) determination of 
cardiac output can be cited ( 2 ).* 

An X-ray film is made of tlie subject's chest, in the erect position, 
at a measured distance (say 5 or 6 feet), using a lead grid between the 
patient and the film. The exposure takes about S seconds^ time and 
the film is moved slowly downward a distance of 12 millimeters dur- 
iiig the exposure. When the film is dried, the outline of the heart 
appears as a serrated border, the “peaks" representing the shadow in 
maximum expansion and the “valleys" in maximum contraction. The 
pealis are joined by one line, the valleys by another, Tlie rest of the 
heart shadow is completed as shown in plate 1, figure 1, The area in 
these two phases then is measured with a planimeter and the figures 
corrected for distortion. The corrected figures then are converted into 
volumes according to a table established from experimental and ca¬ 
daver work. The difference in volume between expansion and contrac¬ 
tion gives the output per beat. In many normal subjects the average 
stroke output per ventricle is 60 cubic centimeters; a person with a 
rapid ptilse tends to have a smaller, and one with a slow pulse a cor¬ 
respondingly larger output. Therefore, it is more informative to 
speak of the output per minute tlmu Uie output per stroke; this in 
turn varies with body sise, which may be expressed fairly simply in 
terms of total body surface. The number of liters of blood pumped 
per minute per square meter of body surface is termed the cardiac 
index. This index thus may be found by using this particular X-ray 
method, (Needless to say, there ere other methods of determining 
this index, but the roeutgenkymographic one is a simple and reliable 
one when correctly used,) 

Our knowledge of the functions and behavior of the alimentary 
tvact in health and disease is largely dependent on the use of Boentgen 
methods of examination. Some of the earliest investigators in this 
field have been American physiologists who did their original work 
tin cats (to whom thoy fed bismuth in milk, and so forth). Food also 
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may be used, provided it is opaque to the rays* On an early moming 
walk near San Francisco several years ago, I came across a plump 
homed toad. Having a little time to spare that day, I brought the 
toad into my fluoroscopic room and placed it on the table. I then cap¬ 
tured a common house fly and dust^ it with barium snlphate. After 
setting the tasty meal l^ide the toad I turned on the X-rays and 
watched the inevitable and fascinating sequence of events. The ba¬ 
rium cast fust as good a shadow in tlie toad^s stomach as it dcses in the 
human, and the progress of the meal could be studied easily. 

Pkygios and ehenrntrjf, — Tlie use of X-rays in the sciences of physics 
and chemistry and all their inntimerable ramifications Is an ever- 
expanding chapter in X-ray history. The gross analysis of many 
materials may be performed in part by roentgenoscopy or roentgenog¬ 
raphy, and the detailed analysis by methods such as Koentgen diffrac¬ 
tion, crystal lography , or electron ni icr<jscopy- The di ffracti on method 
of measuring small objects is well established. The principle depends 
on tlie fact tliat a beam of light or X-rays which has traversed a col¬ 
lection ol mtnll objects is seen surround^ by a series of ring^ or dif¬ 
fraction spectra, from the diameter or pattern of which the ske of 
the object can be calculated- A familiar example is the ring visible 
around lights on a misty night, the diameter of which is determined 
by the mean diameter of the mist particles. Tlie interpretation of 
X-roy diffraction patterns in terms of the ultimate stmeture of crys¬ 
tals and solids has its foundations in crj'sEalography^ By such meth¬ 
ods it is found that rubbers, plastics, and fibers, although superficially 
different, are intrinsically similar materials. X-ray studies also have 
assisted greatly in analyzing the structure of the higher potymers- 
TOe essential features of such diffraction apparatus are: 

1, A soiiTce of X-rara. 

2, A dcTice to limit the rajs to a beam of mlnlimin] 

3L a holder to sopport the fipecimen In the beam. 

In A meaDj for recordlap tbe diffracted from the finmple of critical anfiles 

(determlhoil by the crystal structare of tbe samples). 

A recent issue of Electrical Engineering included a description of 
a method of X-ray analysis of unknown ^emical substances by em¬ 
ploying a new photoelectric roentgen intenshneter {!). The meter is 
said to be so delicate that if the X-rays are pa^ed through a pile of 
100 sheets of paper, the difference in absorption caused by adding or 
subtracting a single sheet can be recorded^ 

As a direct result of m^^estigatious in physios and chemistry there 
are numerous industrial and commercial X^ray developments which 
include tlie following i 

L The examloatlocL of TiirlouB cconpUcated sppllaacea, such ob rsdla tabest 
wfthoat the Docessltj of breaklog open the tabu 
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2. The «amlriAtioii of cnatEii^ and welds. 

a The eianiinsitK^D of packages anl per&o&neJ for concealed mfitcrinla. 

4 The exaialnotlon of edible KOterlala for defects of IniiraritSes i^ach as caody 
bars and onmEEs)* 

a The bebarlor of solids aod liQitlda uodor projectile bombardiaeiit (each as 
hlgh-apeed roentgeoO'grapby oi bollets). 

The roentgenogi'apliic eiamination of metal parts in connection with 
the nirplime industry is said to have used up more film per month dur- 
ing the last few months of the recent war than was used in all medical 
procedures in the United Stat(^ during the same period. The im- 
porhmee of skilled interpretation of these roentgenograms and of 
adequate protection for the employees operating the X-ray equipment 
obviously is great. 

Since the early days of X-ray developmentj packages^ clothing, and 
even |>ersoinnel have been inspected for contrubaiid and other illegally 
possessed materials- Packages and similar objects may be inspected 
without harm, provided they do not contain unprocessed film or other 
sensitized material. Individuals may be esamined only under^strin¬ 
gent conditions^ as exposure of large amounts of the body to X-ray^ 
tsisecially if repeatedj is fmught with ultimate danger to the iniii- 
vidual^ possibly resulting later in skin damage, anemia, or infertility. 

It is to be recollected that metals and other materials may be radio¬ 
graphed either with X-rajs or radium rays. It is therefore appro¬ 
priate to consider a few aspects of radioactive substances, as many of 
them have properties analogous to those of X-ray a. Ihidium rays are 
of three general types : 

1. Alpha mys, wbldi are primitively chftrgjcd portlclea aC very low peuctmtln^ 

iJower; being atopiH>d by a slieot of ordliMiry psip 4 ^r« 

2. Beto rays, wbich are neefli^Te electmns, of mrjUemte penelmUng power^ 

etdiiped by a tblfl metal Alter (2 mUHmctere of braaj or 0J5 mnumeter platS- 
mini or tbelr eqnivalent 4 

3. Gamma rays, wJilcti are electnoinngactic radSatlans (pbotonfl) of eonsiderable 

penotmtiu^ power, tie Lardest oaea ttavoralDg Hercral ceniUnctera of lead- 

Because of their different charges, these Uireo types of rays can be 
separated m a magnetic field. The alpha rays arc deflected alig tly 
in one direction, the beta more strongly in the opposite direction, ^d 
the gamma not at all. Eadium disintegrates slowly, its half period 
being 1,590 years. For medical purposes it usually is kept m ^laJl 
containera in the form of n radiiim salt, iltiny of these containers 
can be placed together and the group then used like an X-my tube. 

Since tile work of Rutherford, in 1919, we ha^e been able to protluoe 
artifically radioactive snhstances. One method of doing this is to use 
the cyclotron, by means of which the nuclei of atoms are tninaformed 
into new unstable substances. High-speed protons, deuterona, and 
neutrons have been used to transform most elements. Tlie resultant 
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ntdmtions are of many types {alpha, beta, gamma, neutron^ and 
positron)* Ifany biologically useful radio ekmenta arc produced hy 
deiitcron bombardment and include radiophosphoims, radiosodium, 
radioiron, mdioiodme, and radiostrontium. These substances can be 
administered to patients and their c^act method of localization and 
storage in tlie human body studied by means of Geiger counters and 
shuihir apparatus. In this manner the metabolism of certain living 
tissues, in both health and disease, can be studied more completely 
than ever before. For encamp] e, totally new information concerning 
the need for and method of use of iron in the human body, in conditions 
like anemia, has been obtained. 

An indirect development of high-voltage tubes in physics is the 
electron microscope which permits much higher magnificatiems of 
minute objects than, are feasible with optical microscopes. With this 
instrument the image of the object is viewed either on a fluorescent 
screen or is recorded on a photographic film. Recent developments 
include modifications by whicii the instrument may he used either as 
a difTraction camera or a microscope^ Stereoscopic electron micro¬ 
graphs can be made. The usual electron microscope operates at about 
60 1^0volts, but there is a small table model operating at SO kilovolts. 
The fit lecture and behavior of viruses hns been studied for the first 
time, and the detailed structure of bacteria has been revealedp 
Chromosomes, the tiny rodlike particles that bear the major responsi¬ 
bility for inherited characteristics, may be examined, and by means of 
ingenious methods the actual location, of certain specific genes in a 
number of chromosomtsa hns been determined. 

—X-rays have been used in most of the various biological 
sciences, notably jn botany and zoology. The architecture of many 
forn^ of plant life have been studied by macroradiography as well as 
microradiography. Ifutations have been produced by bombardment 
of seedlings and rootlings with X-ray, and new hybrids successfully 
developed. In fact, one physician insists that a special type of be¬ 
gonia he grows is a direct result of irradiation of a former plant. Ho 
gives no credit to blenders cosmic ray but, unfortunately, I am not 
sufficiently familiar with botany to know whether or not he is correct- 

In zoology, several forms of animal life have been studied ^rith 
X-rays. With the larger type of animal one naturally has to make 
segmental studies. About a geaeration ago an ailing elephant at the 
London zoo was subjected to X-ray examination. The tired pachy- 
dem lay on her side and had her torso marked with chalk into a 
series of rectangles, each a little le^ than 14 by 17 inches in size. These 
then were numbered in sequence and a series of roentgenograms made. 
We cannot vouch for the quality of the films made through the thicker 
parts, but those of the cst remi ties wh ich we saw were quite good. Race 
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horses, greyhoiinds, parrots, and otlier domestic pets frequentlj are 
subjected to examination in connection with injuries, foreign bodies, 
and certain diseases. Before the development of shockproof appa¬ 
ratus, cats were particularly difficult to X-ray as they have a strong 
dislike for the hair-raising qualities of the corona from exposed high- 
voltage wires. 

Muc€tl^tneou».-^m of the lesser-known but more valuable us^ of 
X-rays is in connection wiUi arL Many pigments contain lend and 
other radiopaque salts and the roentgenogram of a canvas often reveals 
shadows different from tliose on the visible painting. Areas of over¬ 
painting, alterations, and erasures can be detected. The authenticity 
of some old masters lias been proved and of others disproved by such 
means. A recent refinement includes sectional raditigiuphy of the 
canvas in which, by keeping the tube and film in motion, a very fine 
layer of the painting can be registered to the exclusion of other layers. 
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X-TtATS IN IfEDlCTiNB 

The importance of roentgenologic methods in medicine, dentistry, 
ftnd allied sciences is increasing continually. Tliey permit 1 10 
ination of parts of the body hitherto inaccessible to studj an t le 
detection of disease at a stage when it may be cured readily. Tliey ex¬ 
tend the physician’s eye to an incalculable distance. They are a m 
of use in the prevention of disease and in its treatment. (A sma 
precancerous skin nodule, keratosis, may be cured before it 
into a malignancy; established, localized, accessible caticer can e- 
stroyed.) Our knowledge of many diseases such as stomach ulcer, 
lung tuberculosis, and bone cancer lias been entirely revolution!^ 
and reoriented since the discovery of X-rays. Tlwy linve provided 
an imiietus to investigation and research in preventive medicine such 
as no other weapon ever placed at the disposal of the diKtor, 

One might arrange tliis sed;ion according to the various medical 
Specialties, but 1 think it will be of more interest to noiimoilicai readers 
to consider the importance of ihs rays according to each of the various 
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^stems of tha human body. However, it is timely at this point to 
acknowledge the debt of roentgenology to members of the specialties 
outside of its own field, physicians who have contributed greatly to 
(Jie refinements of many techniques in diagnosis as well as treatment! 
The reader should know that there are now “national qualifying 
boards for specialists.” These boards examine eligible graduate 
physicians and certify those who pass successfully. At the present 
time there are boards in the following branches of medicine; 


2 . DentiatoloeT ^yptiUology. 

3, Intcmn] fHC^dtcLne^ 

4 , Neuriolaglc:!!] Borgery. 

5. ObsteirleB aiaJ ^nccologF- 
0 . Opbthalmolnfj. 

t. OrUiDpedIc 
S. OtolRryngoiogj* 


a FbtholoE?!! 

10. Perlia tries. 

11. Plastic surgflry. 

12. Psychiatry and nenrolcp'. 

13. Itadiolugy. 

14. SnT^ery. 

15 . Neurology^ 


X-ray diagnostic methods inroli^o firet and foremoat intelligent 
use: one case may fae diagnosed quickest “without X-rays at allj the 
Dcst may ueed only flouroscopy; th^ third, fluoroscopy, roentgCDo- 
grams, and special-section techniques j the fourth may require re* 
peated roentgenograms- Only a trained physician knows the correct 
answer to these questions; only a trained physician can be economic 
in the exposure of your tissues to a radiation known to be hoxiouSk Tlie 
wise leyman selects his physician-radiologist according to hia cipe* 
rience or ftbility, and not according to the newness or estent of hts 
equipment. In assessing the value of a roentgenogrum it is important 
to remember that it h just a shadow-graph and not a true photograph 
and as such is subject to erroneous interpretation^ Furthermore, the 
roentgenogram is a projection oti a flat surface of everything on every 
plane between the X-ray tube end the film. Thus it is desirable tliat 
the interpreter familiarise himself with the projected appearance 
of normal structures of various shapes- hliitliple viewrs, preferably 
at right angles, usually are essential; stereoscopic roentgenograuis 
frequently arc necessary. The examination of moving parts such as 
the stomacii, heart, or diaphragm frequently requites fluoroscopy 
os well as multiple films. 

There are many shadows in roentgenograms of healthy persons 
which cause erroi's in interpretation- These include the normal 
epiphyseal or growtli line in bones (often mistaken tor a fracture) ^ 
the overlapping of a bony margin, or the slender canal of the artery 
to the bone. The existence of a congenital fissure or cleft also may b« 
mistaken for a fracture. Calcium deposits aro fairly coounon in 
various tissues; they are normal findings in rib cartilRges^ laryngeal 
cartilages^ and certain otlier areas, but occasionally they arc mistaken 
for tuberculous lesions, foreign bodies, and so on. This is one of the 
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reasons ^hv n consultant roentgenologist may require. stereos<^ic 

or other additional projections OTen though yon 

with a Ufcctlv good film made elsewhere only a few days before. A 

ri.b. proi«..d 

identical with that of ft kidney stone or gall stone. Visual »am 

inatiou of the undressed patient or 

pro’ont an error being made. In geneml, it is f 

to be undressed when having X-rays tiiken, 

rings have been mistaken for misplaced toothroot » , 

for^lon«, ...d .to .dp of Wd^ cloto* 
darkroon teclui.que sometimes les^ m on eec or (m films 

of films which can suggest (in chest films) pneum 

of the limbs) diseased bone, even to the imtiatca. w AntUned 

The os. of X-roy methods »t mediesl disposB moj he oollmed 

in relation to the various systems of the ^dy. ^ 

Ali„e^ ey.fe».-X.r.y emUDmeboo of the 

peimils the early diaposis of a vast num r tt ™ fluoroacopic and 
ditioas, rmigiae from mlteiomi '» 

film esaminations are usually essentiaL ^ _ ArfFiiDs whidx 

discloses facts legarding the mobdUy ^ yeyeal detail 

eaaart he ohtaioed from films sloaej tto ^seeo. 

of structure which cannot be appreciated nntienoe and ex- 

The valao of either method depends on the sfa , P 
perienee of tto esaminer. Wlien it m a T-est™ »'* ,X ™ ted 
fts early stomach cancer, the esummatioii For the 

two or three times before a reliable opinion can ^ intestine) 

upper part of tto system (to. gulto, «emjJ. snd 

It IS neeessaiy for the patwnt to co^ S -ppcarance of these 

of barium sulfate suspanded m wa ^ rtv™™ FiitiGuts often 

portions of the tract is studied under the , T^ater The reason 

Lpiain at the chalhy mst. Omy stimn- 

that flavoring agents are not used ^ tl 

late large amounts of gastric secrttion , aUg barium or bis- 
amimimV ‘to -ly days of « U»s. 

niuth used to be given in flavored . j^g ^ould bo (physio- 

contained much milk or cream, stomac P ‘ ^ stomach emptying 

logically) delayed. If they ^i erroneo^ con- 

would be hastened. These oomUtions case 4 

elusions as to tlie presence of gastne of 

ounces of barium sulfate (by contents of the intestinal 

water. This eventually mixes with the 

tract and does not require taxation -g esaminod 

The lower portion of the ahmentaij } gujfate at© suspended 
by barium enema. Sixteen ounces of barium sulfate at© p- 


7^382—47- 


-14 


188 SEPORT SMlTHSOTfrAN INSTITUTION, 1»4& 

in 2 quarts of warm water, with the addition of some medimn such as 
acacia solution to mamtain suspension during the procedure. Afteir 
fluoroscopic and roentgenographic examinations the patient evacuates 
the suspension. 

Conditions diRgnosable by X-ray include varicose veins in the 
gullet, ulcers, and tumors in the stomach or duodenum* Before 
die days of X-ray, duodenal ulcer was considered a rarity; a person 
with severe and prolonged indigestion was usually diagnosed stomach 
ulcer. Since the development of Roentgen methods it has been found 
that most such cases are actually due to duodenal ulcer, the latter 
being over 20 times as common as gastric ulcer. This was one of 
numeTous revolutionary findings during the first two decades of this 
century. 

Gastric cancer is one of the most common and serious malignant 
tumors in man; unfortunately it tends to be asjmiptomatie in its early 
stages and therefore its presence Is not manifested until it is pretty 
well advanced. Persistent disturbance of digestion in men over 40 
renders X-ray examination of the stomach advisableu Tlie growth 
shows as a small intrusion on the barium slmdow or as a small zone 
of immobility of the stomach wall. 

Tlie normal appendix usually is visible at some time during X-ray 
examiTiation of the intestinal tract* It may be seen to fill and empty 
but if it does remain filled for some days this finding alone is not of 
grave importance. The X-ray evidence of acute disease in the ap¬ 
pendix consists of marked local tenderness, absence of or incomplete 
filling, delay in the passage of the barium in the adjacent terminal 
inches of small bowel, and, occasionally, a locel inflammatory mass. 
However, the diagnosis of acute appendicitis is more reliable when 
made by methods other than radiological oneSp 

X-ray examination is invaluable in the study and elucidation of the 
various diseases of the colon, 

Tlie liver and spleen arc normally visible in most abdominal 
roentgenograms. Their visibility may be enhanced by intravenous 
injection of thorium dioxide sol fthorotrast)^ n drug whicli has the 
property of depositing itself in the small cells lining certain portions 
of the liver and spleen (the reticuloeDdotbelial cells). The thorium 
is opaque and aids in the diagnn^jis of certain tumorous and cystic 
diseases of these organs. After 7 years, thorium degenerates into s 
mildly radioactive product, but the amount necc^^sary for ordinary 
examination has lieen shown to be so small that m> harmful late radio¬ 
active changes develop. Another area of the nlimentary tract which 
may be examined hy selective methods is the gall bladder. If you 
ingest n suitable iodine preparation, the materia! will be excreted in 
your bile and will be concentmted in the gall bladder; provided the 
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duct betireeu tlifi liver and gall bladder is not blocked and you remain 
fluting. This test is a valuable method for the detection of non- 
opaque choleaterin stones in the gall bladder ; Indeed, it is the only 
method by which such may be diagnosed preoperativelj, 
Uardiovancular The accurate determination of heart size 

in the living human being can be made only by roentgenological meth¬ 
ods, It is to be noted, in passing, that this is not always a very im¬ 
portant factor, since cardiac function rather than sise governs most 
healthy lives, and function can be assessed by many means much more 
accurate than roentgenologic ones. However, the problem of heart 
size does come up in some individuals and Boontgcn methods are then 
invaluable! Correction should always be made for the amount of 
magnihcntion present, the phase of respiration in which the patient 
happens to be during the exposure, and sinular items. As in the case 
of the alimentary tract, completa domination of the cardiovascular 
system involves both fluoroscopy and roentgenography,^ In recent 
years the use of opaque substances has permitted the outlining of tho 
individual heart chambers in the roentgenogram and the study of tho 
circulation in a manner one could scarcely have even dreamed of 50 
years ago. Besides giving information concerning tho size, sbai«, 
position, and mobility of the heart, Roentgen methods also may dis¬ 
close the presence or absence of coronary disease and ita sequelae. 
Records of the beating heart may be obtained on a single film by 
means of kymographic B]jparatu 3 and deductions as to tlio presence of 
localized areas of heart-muscle disease deducted therefrom, Tiie con¬ 
dition of the arteries and veins in the extremities can be studied by 
means of both plain films and films made with contrast media and 
the presence of varicose veins in the deep venous circulation of the kg 
c£LU be detected and unnecessary operations a voided. 

Centi-al neruoua Medical advances in the diagnosis and 

treatment of diseases of the brain, spinal cord, and peripheral nerves 
is one of the most interesting chapters in modem science. The normal 
brain oasts no distinguishing shadow in tlie routine roentgenogram. 
However, by very simple methods, its outlines can be revealed. This 
consists of performing a spinal puncture (In the lower portion of the 
back), withdrawing from 75 to 150 cubic centimetcra of cerebrospinal 
fluid, and injecting iu its place a corresponding amount of air. Upon 
placement of the patient in an erect position this gas will ^eud 
into the cerebrospinal fluid pathways around, between, and in the 
various lobes of llie brain. Several plain or stereoscopic roentgeno¬ 
grams then are made from various angles, with the pEvtient both erect 
and horizoiital. The air absorbs during the nest few days and is 
replaced by normal fluid. By this method various types of brain m- 
jufVj, brain dis^tiscj and tumors nmy bo detoctei Considemble ex 
pericnce is desirable in interpreting these pneumoHencephalograms. 
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The spinal cord may be studied by similar method^} or by the injec¬ 
tion of radio-opaque contract media into various portions of the spinal 
canal The media most commonly used at tbc present time are prcpani- 
tions containing iodine (iodized poppy-seed oil and ethyl iodophenyl- 
nndecylate). About 3 cubic centimeters of the opaque oil are injected 
m tlie lower lumbar area and the patient is fluoroacoped on a special 
table. By tilting the body up and down, the lake of opaque oil cim be 
made to traverse the spinal canal Indentations and certain other 
uiteratJon^ of its shadow will disclose the preanca of ruptured disks, 
t umors, and so forth, 

GenUo-^rindn/ It is now possible to examine the outhnea 

of virtually every portion of the genito-urinary ^stem. One can de¬ 
termine the function of each kidney following intravenous inj^tion 
of an iodine salt selectively excreted by the kidneys. The seminal 
vesicles and ducts may be outlined by contrast media. Similarly, the 
cavity of the uterus and the slender canals of the fallopian tube^ can 
he shown^ In this manner an eitraordinary variety of conditions, 
normal as wdl as abnormal, may be detected. The number^ size, and 
approxim ate age of inf ants in utcro may be tol d. The exact alte rations 
in the shape of the fetal bones during the actual process of birth have 
been studied by serial roentgenograms. The remarkable molding and 
elongation of the fetal skull have been shown, as well as tiie disposition 
of the fetal limbs and placenta. The latter has been studied by artcrio- 
graphic injection of opaque madia and valuable information as to the 
uniovular or niultiovular nature of twins a^rtained. Abnormal ges¬ 
tations have been diagnosed correctly in time to save the mother an 
unnecc^arily prolonged pregnancy or labor. These cases are some of 
the most tragic incidents that a radiologist encounters. The normal 
fetal skeleton does not co-ntain sufficient calcium to cast a clear shadovv 
in routine roentgenograms before a gesrtation period of 12 weeks. 
Within increasing accuracy after tluit time the fetal parts may be 
shown. Attempts have been mad^ to determine the sex of the fetus 
by X^ray methods, but no practical method has yet been found. Exten¬ 
sive studies have been made on the induenco of the shape as w’ell as 
the size of the female pelvis on spontaneous delivery. Fenude pelves 
are classified into four general types, based on their shape. By cai'eful 
fioentgen examination, the probability of easy or difficult labor can 
be prognosed with considerable accuracy in selected cases, 

OAsetms system {hm^s and joints),—Tim first use of X-rays was 
in the cstamination of cases of suspected fracture. From that day 
its uses have been extended to include the study of bone growtli^ bone 
tumors, joints^ tendons, bursae, and adjacent structures. In the cor¬ 
rect diagnosis of al] bone conditions;, and in the treatment of many 
of them, X-rays are essential 
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The detection of ft gross fracture in an ordinary roentgenogram 
is a simple matter; the detection of fine or fissure fractu^ is often 
extremely difficult! An important exam ple of this is in injuries in* 
volving the wrist, probably the most commonly Injured area m the 
body (see ph 2, fig. 1). One type of ‘^pmin injury^ results in fracture 
of the scaphoid or naricular bone, a small bone in the wrist joint. 
This bone has o reiy critical blood supply. If injured, healing.re¬ 
quires immediate and com plete immobi 1 i 2 ation for many weeks. Frac¬ 
tures of this bone are often difficult to detect except in films of Uie 
highest technical quality; three or four views may be necessary be¬ 
fore the crack can be confirmed or excluded. If overlooked, and the 
wrist is not immobilized, most of these case result in nonunion and 
chronic arthritis in the wrist joint, a serious source of dmblemimt 
in laborers. Attempts have been made to restore the function of me 
joint by removing the two broken pieces of scaphoid and replacing 
them with a synthetic bone (loude of a biologically tolerable metal 
such as vitallium) but these results have not been con^kuously suc¬ 
cessful. The only method of assuring safety is early X-ray diagnosis 


and complete immobilisation. ^ 

Fmctnreg of tlie rite am quite common and usually unimportant 
injurieg and the Tast majonty of them heal without any particular 
treatment However, compensation and legal considerations often 
require an answer as to whether or not a fracture is present m a 
given CB^ of aUeged chest injury. In at least 10 percent of actual 
fracture cases, the fracture line is not immediately demonstrable by 
ordinanr X-ray methods. It is concealed by its obliquity or by over¬ 
lapping parts. Therefore, your physician may tell you in such a 
co^ that there is “no X-ray evidence of fracture” rather than Hhere 
is no fracture.” If it should be of legal importance to conhrm a 
suspected fracture in such a case, reexamination at the end of 4 weeks^ 
time usually wiU provide the answer. By that time a little fim 
of new bone will be present in the fracture sdo and will be visible 

in the roentgenograms- * i 

Boentgen methods are also invaluable in the detection of various 

tVDCS of bone disease due to infection, tumor, and so forth. Howerer, 
the shadows cast often are not characteristic of one particular mfre- 
tion. For example, a bone that has been disused for several weeks 
(perhaps in the foot, when a patient is wearing an extensive plaster 
splint for fracture of the upper leg) may cast a shadow identical with 
that of one extensively diseased. Therefoi^ it is nreessary for t e 
roentgenologist to have some of the clinical facte or 
case before rendering an interpretation of a film, jUni ^ not 
misleading; our deductions, in the absence of clmical data, maj be 


mi^eading. 
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Some diseases cause fairly characteristic changes in bone, but these 
are in the minority. Tlie more experience the observer has the more 
he realises that a host of differedt conditions can produce identical 
pathologicnl and, therefore, identical radiological changes. A good 
example of this is lepro^. Many years ago an author reportJd “char' 
acteristic” atrophy of the terminal phalanges as a fairly early sign 
of this disease. On studying cases of nerve disease of otlier types, 
md of obliterative or spastic vascular diseases of various typ^ it 
was found that quite Identical changes occurred in many of them. 
Phosphorus poisoning causes changes in the jaw bone similar to those 
of infection and of radium poisoning. Thus, it is important to main¬ 
tain reserve in accepting reports of new or ^^characteristic’^ findings 
in disease. 

One interesting finding in roentgenograms of children's extremities 
is that seen in lead poisoning. Children who have licked the paint off 
of their toys or pens sometimes develop signs of joint disease or kg 
weakness. If they have been following this dietary indiscretion for 
some time, the growing ends of long bones will show dense lines due 
to actual deposit of lead salts thet^in. 

The roentgenologist is required to hav^ a general knowledge of the 
development, anatomy^ and patliology of tlie teeth* Satisfactory ex¬ 
amination of tlie teeth requires careful technique and even more 
careful interpretation. Without the ]atter> early abscesses at the roots 
of the teeth, early areas of caries or decay in the crowns, and similar 
proce^cs may be overlooked. 

Tile value of a consultant specialist is almost nowhere better seen 
than in certain cases of dental radiography. The dentist or family 
doctor is apt to look at such films with his thoughts concentrated 
purely on the dental structures and innocently may neglect a malig¬ 
nant growth in the adjacent bony mandible, a lesion which an expert 
in the field of X-ray interpretation would be apt to detect readily* It 
ia not suggested that ability in such interpi'etation is confined exclus- 
ively to the roentgenologist. Any person, professional or otherwise, 
can learn how to interpret films of certain parts of the body after a 
fairly short period of training* However, the human tendency is 
to concentrate on the matters in which one is most interested and 
to overlook other data, even though such ate quite apparent on 
retrospect. 

Kormal joint c&rtilaga casta no distinguisliinfj pliadow in nwnt- 
genograms so routine Roentgen metho<1s are not of much value in the 
early dmgnoaia of many types of joint disease. However, “soft- 
tissue ni3 of joints, aud films made following intra-articular injec- 
^on of air do provide valuable diagnostic information in many cases. 
Eoentgenograms ai-e of considerable value in the differential diag- 
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nosis of established cases of Joint disease (chronic rhemnatism, gout, 
specific infectioD), Bleeding in and about joint areas, such os occurs 
in hemophiliacs, presents fairlj characteristic changes. 

Re^pimtor^ »psiem .—If roentgenology had made no other con¬ 
tribution to medicine than the ability to study the shadows cast by 
the lungs in living individuals it would have performed a tremendous 
boon. But before considering this portion of the system, let u3 com¬ 
mence at the upper portion of tlie respiratory tract, namely the n<^ 
and nasal accessory sinuses. The cartilages, boneSj and even the skin 
of the nose can be radiographed with simplicity, and various injuriiis 
and other conditions accunitcly diagnosed. The nasal acceswry 
sinuseS) nasal passages, and adjacent areas can be recorded and various 
conditions ranging from sinusitis to cancer detected* The air pas¬ 
sages leading from the nose to the lungs can be- portrayed and the 
true and false vocal cords may be studied both fluoroscopically and 
mdiographically. A special tcchnifiua known as body-section roent¬ 
genography (laminography or tomography) permits the obtaining 
of ^lm<i of such areas as the cords relatively free from underlying or 
overlying shadows* In this method tlie tube and iilm are moved 
synchronously but in opposite dii'ections about a fulcrum, tba loca^ 
tion of which depends on the height above Uie X-ray table of the area 
to be studied* 

All types and varieties of diseases of the lungs and pleura are 
amenable to X-ray diagnosis, and many require such examination 
for their dueidation* Communicable diseases such as active lung 
tuberculosis provide an excellent example. In recent years the train¬ 
ing of increased numbers of physicians in radiology plus the develop¬ 
ment of special X-my apparatus has permitted mass surveys of 
hundreds of thousands of individuals. The best method involyes 
the use of standard (I't by 17-inch) films. A slightly less espenaiye 
and currently popular method is the photofluorographic one, in 
which the fluoroscopic image is photographed on small or roll film 
(35 millimeter, TO millimeterj or 100-millimeter widths, depending 
on the type of equipment)* The film comes in rolls of from 35 to 
100 frames, permitting a like number of exposures* Some of the 
newer units liavo huilt’^in photoelectric cells by which the X^ray 
exposures are tinned automatically. This strip film b processed in 
special developer, then dried and viewed either in a jnagni^'ing trans^ 
illuminator or by means of a projection unit. The detail in the films 
is naturally not os great as in the conventional 14- by 17-inch film 
but it is aufljciently got>d to permit screening of lungs for significant 
lesions. The prime object in the method is to detect cases of open 
pulmonary tuberculosis, that is, patients wltli cavities or other 
from which they cough bacilli and so innocently infect their fellow 
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citizens, lliniature films permit the detection of most such lesions. 
About 1 percent of apparently healthy adults are found to Imre some 
significant lung condition on such surveys, but fortunately only 1 
in 400 has evidence of disease. 

The X-ray unit has not made the stethoscope obsolete but it has 
given the physician a weapon with which he may detect numerous 
diseases of the diest at a stage long before they could otherwise be 
discovered. In this maimer they have been a major factor in saving 
countless lives and in preventiug much advanced disease* 

L0CAL2S1AT10N OF FOREIGN BODIES 

X-rnys are essential for the detection and accurate localization of 
most foreign bodies in the tissues^ These bodies may be divided into 
two general tyl>es, nonopaque to the X-rays and opaque. Surprising 
us it seems, nonopaque foreign bodies frequently may be localized, 
with considerable accuracy, by careful examination. For example, 
a peanut lodged in one of the bronchial tubes will itself cast no 
siiadow; however, it will protluce partial or complete obstruction of 
the bronchus. jVs u result the involved lobe of the lung will show 
either persistent distention with air on expi ration j or gradual col¬ 
lapse. Xonopaque foreign bodies in the alimentary tract often may 
be located by giving the put lent small barium-soaked cotton pledgets 
or swallows of barium cream* Nonopaque foreign bodies in other 
parts of the body sometimes are located by injecting radiopaque 
liquids into draining sinus tracts* 

Opaque foreign bodi^, comiuon in war time, may be found and 
localised by various methods. The simplest is by roentgenosoopic 
and xoentgeiiographic examination in two planes at right angles to 
each other. Other methods include parallax and triangulation* Tlio 
detection and localization of small metallic bodies in the eye may be 
performed with tlie aid of special appamtus. That most genemllj 
employed involves examining ilio palient*s eye in accurate relation¬ 
ship to two fixed objects placed at a known distance from the cornea. 
The data obtained fiom tw^o films made at different angles are tranS“ 
ferred to a special ruled chart, and the position of the body indicated 
in three different planes with an accuracy of less than one millimeter* 

Protection against uunneccssary or excessive cxi>osiire to X or ra¬ 
dium rays is one of the utmost iini>ortaiice for patient, operating per- 
souuel, and radiologist. Protection against excessive exposure from 
tlio direct beam is now well established in responsible offices and de¬ 
partments by methods which include careful cfilibration of the ap¬ 
paratus, adequate distance between tube and patient^s skin, use of 
lead-protected shockproof tubes, suitable diaphragms, and filters. 

Protection against radiation scattered from tlie patient or tlie X-ray 
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table is often more difficult but, wnfortimately, fiometmiea is oYef- 
looked. The best way to achicYo this protection is to use as small a 
beam as possible in examining patients, to work as expeditiously as is 
consistent with thorowglmess, and to stay at tlie maximum distance 
or bellind the safest barrier available. Protective barriers usually are 
made of lead or concrete. If workers are not safeguarded properly 
they may develop injury to tlie blood or reproductive system with 
consequent dangers of anemia, leukemia, or sterility. Tlie tolerance 
dose is the total X-ray energy that a person may receive continuously 
without suffering damage to tlie blood or reproductive organs. For 
mtist workers it is set at 0.2 roentgen per day (a dosage rate imt ex¬ 
ceeding IIH per second). Detailed rules for protection are available 
in the Kational Bureau of Standerds Handbooks SO (X-ray protec- 
tiou) and 23 (Radium protection). 

X-RAT3 IN TREATMENT 

X-rays ore of considerable significance in the treatment of a large 
number of diseases, ranging from simple infections such as ringworm 
of the scalp to serious processes sueli as cancer. The physician perform¬ 
ing Roentgen therapy must strive to be as careful in the calibration 
and handling of his apparatus as a physicist, and as accurate in the 
application of his rays as a surgeon is when applying his knife. The 
therapist has at hia disposal a wide variety of equipiiient supplying 
low-voltage beams for superficial treatment (40 to 100 kilovolt), in¬ 
termediate voltage for more deeply seated lesions (120 to 150 kilovolt), 
high voltage for deep-seated lesions (ISO to 220 kilovolt) and, finally, 
extra-high voltage for a few selected conditions or for biological re¬ 
search (400 to 1,000 kilovolt). He must select a filter suited to the 
prccedura desired, varying from less than 1 millimeter aluminum up 
to as much os 5 millitnetcrs of copper. He calculates his dose in roent¬ 
gens. and delivers small doses to most inflammatory or benign condi¬ 
tions, and very high doses to certain localized malignant lesions. A 
small dose ranges from 10 to 100 roentgens and may need to be repeated 
at intervals for weeks or oven months. For example, generalized acne 
vulgaris may require weekly doses of 100 rocutgens for three months. 
On the other hand a small localixed cancer may require 6,000 roentgens 
delivered either at one session or. depending on the amount of a^oci- 
ated infection and similar complications, in several sessions. Tlie 
essential effect of X and gamma rays on the tissues is a dratrucUve one. 
Cancer cells are slightly more sensitive to sucti radiations than are 
normal cells, and for this reason it is possible to destroy soma cimcera 
without permanent injury to the normal surrounding tissues. 

The following is a partial list of conditions in which X or g^ma 
raya are of value: Inflainmatory' diseases of the skin and adjacent 
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(issues; certain thickenings of the sHb (plantar keratoses)^ 

disturbed function of certain glands such as salivary and thyroid 
(hyperthjTOidiain); many benign and malignojit tumor conditions. 

Just as the mere possession of a knife does not make you a surgeonj 
80 the possession of X-ray apparatus or radium does not make you a 
radiation therapist* The safe and efficient application of radiation 
methods in disease requires as much skill and even more training than 
many types of surgery* It also requires recognition of tlie fact that 
there are many conditions far better treated by nonrad iological 
methods and a few which actually are rendered worse by fioentgen 
treatment* 

Tlie rays may be applied to human tissues by a variety of methods 
including external application of the beam, internal (intracavitary) 
application, interstitial application (tliat is, direct insertion of radium 
or radon oeeds into the tissues), and various combinations of these 
methods, all designed to deliver the involved tissues a specific planned 
radiation dose* 

FUTUltE DEVELOPMENTS 

The world has seen tremendous advances in the X-ray field during 
the past 50 years but there still are numerous developments, both in 
apparatus and technique, to which physicists and physicians arc look¬ 
ing forward, Tlicse include the following: 

L More efflcle&t record Eng media, incliidliig Inaproved flTra emaMoDS, processing 
equipment, and fiuotesceDt screens. 

3, Improved ntmpuaed expostire metera and antomatje tUaera. 

3, Finer ftocal-gpot dlagnoatle tubes, 

4, Greatly improved fluorcscopes, perhaps an electron fluorosenpe^ and, aa a re- 
Salt, better, safer X-ray mutton pictures. 

5, More widespread use uf X-rays In teaebiug and In preventive medicine (Inclfld- 
ing tile Lnstnllntlon of X-ray nnltg In morsnen to nld Ln research and routltie 
autopgy worh). 

a Improved niethfidfl of calctilAtliig the sSie and depth of tumors, so that radintlon 
hen ms may be EtUl more accurately nLmed^ 

T. Improved aelectJou of patients for both dlo^esia and treatmenit (to reduce 
nnnecessary eipenso and unuecessary exposure of bnman ftssuGS—especially 
tbe rcprodoetlve orfana— to X or onmma rayml. 

rtnaily, and moat Lmxurc^nt of all, the t ruining of more and hotter rndlologEsta. 
taeillcul pbyskluns spechiLlzlUf Ln X-raj dioanODla and treattaeoL 

The value of X-rays to science in general and to medicine in par- 
Liculac is immense and ever increasing. They have provided ns with 
a weapon by which we may search out the stmeture of matter, as 
well as the hidden components of the body. Tlie diagnosis of innmn- 
erable disease conditions is dependent largely or entirely on X-mj 
examinations ami the treatment of several types of disease likewise 
reqiiirea Roentgen irradiation* The debt of mankind to Boeiitgen and 




SCIENTIFIC IMPORTANCE OF X-EATS—GARLAND 197 

his f«Uow workers in the field of physics and engineering cannot be 
repaid easily. 
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PUAT£ 3 



1. UEPn" Wrist of Adult Male Showings Faint Fracture Line ik One of the 
small Bones (the scapmoldl 
FTW’Hun" b indJcalcd liy anTJ*'. 



. 2 . Localized Bleaching of the Skin of the Lower back of an aoult male 
AS A Result of ekcessive Roent&en Jrraoiation iHealed X-ray buhn>. 

■OyiJ hya piilhiff siirhHin<tml hy hrewn plKiofEitAEJciu b ihr rBtvl of ■ JWQDiHleflA^ Imiiq buRct^hI Hint 
^ Mijiillu h#fert wliwn itn+ [Huicut ^'uuniEiHlIoDoi hli itunmrji "hy np ijiiifAlJwd wofli^r. 










VISIBLE PATTERNS OF SOUND ^ 


Bt Ealph K, Pottce 
BpU T^t^hone lAboratorie* 


[Wltb tplAta] 

Tha automatic representation of speech sotmda by Tiaible Iracea 
or symbols has long been a subject of interest to acousticians and 
phoneticians^ and especially to those concerned with the dai^elopment 
of electrical coinmnnicaiion. Techniques for automatically record¬ 
ing the wave forms of sounds ha^’e been very highly dcTcioped; hut 
there has remained unsolved, until recently, the problem of recording 
sounds in a manner permitting their ready visual interpretation and 
correlation with the auditoty sense^ An outstanding difficulty with 
the interpretation of the records of wave forms is the effect of phase 
relationships between fundamehtal and harmonics. These effects 
may produce a marked difference in the appearance of the wave forms 
of two sounds that are quite indistinguishablo to the car. Cbna?- 
quently, wave traces of even simple vowel sounds do not permit of easy 
idcntiAcBtion by the eye. 

The facts are that wave traces contain too much information. To 
portray sound in a form that the eye can cncompa!^ in a glance re¬ 
quires that some means be provided for selecting the essential infor¬ 
mation and displaying it in an orderly fashion. A form of display 
that meets these requirements has been developed in the Bell Tele¬ 
phone Ijaboratori^ as described below. 

The work hero described begun before the war. Because of 
related war interests it was given official rating as a war project, and 
hag progressed far enough during the war period to its being 

brought now to public attention. 

The possible uses of an automatic S3^em for translating sound 
into patterns which may be readily interpreted by the eye are very 
numerous. It opens the prospect of some day enabling totally deaf 
or Beverely deafened persons to use the telephone and the radio or to 
carry on direct conversation by visual hearing. (The latter, in- 

Telephone Syalein TechTaFeal PubUcatlolSB. MQBOjfnpli acdoHtlia. Be. 

prlated hy perEiiaJoft tfpm toI, IflS, Iffo-reinlwr S, lM5r 
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cidentally, was an objective of the early reaetirches of Alexander 
Graham Bell.) It suggests the possibility of printing words pho¬ 
netically and of the automatic retranalation of such printed symbols 
into understandable sound. It opens the way to the selective opera¬ 
tion of automatic devices by voice sounds. It promises to be particu¬ 
larly useful in the specialised fields of phonetics, philology, and music. 
But most immediately, and from humane considerations most import¬ 
antly, it opens a new avenue of help to the totally and severely deaf¬ 
ened—^help to learn to speak, and for those who already speak, lielp 
to improve their speech. It is to this problem of aid to the deaf tliat 
we have first directed our efforts. 

It is too early to evaluate the results of th^ efforts with certainty. 
That there is a firm be^is underlying the legibility of the visible 
speech patterns which have been obtained can hardly be doubted, but 
many (iii^ions remain concerning the design of practical translating 
equipment, the time and effort necessary to acquire a reading vocab¬ 
ulary, the effects of transmission and reception conditions on pattern 
legibility, and tlie special needs of tlie equipment for speech teaching 
and rehabilitation. These questions cannot and should not be 
answered hastily, even tliough they are naturally urgent to those 
afflicted with a serious hearing loss. Tlieir answering requires, dur¬ 
ing the developmental stages of tlie equipment, the cooperative efforts 
of the engineer and the groups concerned with the problems of deaf¬ 
ness, The purpose of the present paper is to introduce the subject 
of visible patterns of sound and to describe briefly some of the more 
general aspects of the work with them. 

In plate 1 are shoivn two forms of the new sound pattema. Both 
represent the same wordsi — ^This is visible speech”—and botli show 
the three basic dimensions of so'und—frequency, time, and intensity. 
It ^Duld be noted that tlie words associated with tJie different sec¬ 
tions of the pattern, are inserte«l at the top of the figure. Time extends 
horizon tall}', the total length of each record being roughly 2]^ seconds. 
Frequency is spread out vertically from substantially zero at the bot* 
tom of each record to about 3,500 cycles at the top. Intensity is shown 
by the varying shades of gray. Besolution of the frequency dicien- 
sion is the significant difference between this and other more familiar 
displays of sound such as the oscillogram. Such a display provides 
for the eye the frequency analysis which is nature] in aural perception 
and necessary for an understanding of sounds. 

Patterns of the type iUnstrated by plate 1 (ir) are of interest in 
Gtudira of speech characteristics, while the type shown in plate 1 (6) 
are of mterest m visual hearing and phonetics. The former pattern 
shows the frequency compoEition in great detail, so that the individual 
harmonics of voiced sounds may be seen, and the manner in which 
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tlie frequency of tiie hnnnonic^ varies with time. Patterns of tiiB 
second type show only the broad frequency and time distribution of 
energy resulting from selective modulation. It is such modulationi 
produced by variations in the voice cavities accompanying the forma¬ 
tion of word sounds') that conveys the information in speech. In¬ 
cidentally, the vertical striations appearing in plate 1 {b} are pro¬ 
duced hy beats between adjacent harmonics so that in tlie voiced parts 
their density or frequency of occurrence is a measure of pitch, in¬ 
creasing as tho pitch increases. 

The patterns of plate 1 and otherg described later were made by an 
instrument that we have called the sound spectrograph. In this in¬ 
strument, the sound to be pictured is recorded initially on a loop of 
magnetic tape and played back repteatedly into a scanning filter, tlic 
pass band of xvhich is moved slowly across tlm frequency spectnim* 
The scanning filter output h connected to a stylus that makes a tracs 
upon a loop of electrically sensitive paper* Recording paper and mag¬ 
netic tape loops ere moved in a fixed relation so that successive scan- 
iiing cycles are recorded side by side, thus building up n frequency- 
time-intensity picture. 

If the words pictured in pkte 1 were repeated at difierent times by 
the same speaker, the repetitions would look much alike unless o de¬ 
liberate attempt were made to change the voice- If the w’ords were 
spoken by different mdivlduais they would tifso have a similar ap¬ 
pearance, although the patteim shapes would vary with individua! 
characteristics in much the same w'ay that handwriting varies among 
individuals. To tlie extent that words sound alike tJiey w-ill also look 
jiUke in visible speech form, and to the extent that they sound dif¬ 
ferent they will look different. That is, of course, to be ejpccted if 
the portrayal is accurate^ 

The similarity in word patterns for various individuals is illus¬ 
trated by plate 2, Here are show'ti six enunciations of the word 
'‘speech” by as many speakers. As indicated, the upper three are 
female voices and the lower three male. The brief descriptions at 
the right are only intended to give an impression of the wide range 
of voice quality represented and should not be interpreted as meaning 
that aU speakers with a “throaty voice” or a “Scoteh-Irkh accent” or 
an “English accent” would produce patterns that are just like tliose 
so identified. Tlie important point in this illustration is the evidence 
that characteristic differences in pronunciation do not overshadow 
the similarities that enable one to recognize particular words, l^uch 
similarities illustrate tha possibilities of these patterns for visual 
hearing. 

In tile studies of sound patterns as applied to the problems of the 
deaf, the objective thus far has been to detenaine whether the pat- 
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torus are siifBcientlj intolli^ble for practica.1 use. This has iuTolvcd 
a careful study of the patterus of difFerent sounds and sound combiim- 
tions with respect to both their similarities and their differences- Two 
methods of investigation wei^ utUii^d—the first by training individ- 
mils to read patterns and following tlieir progress, and the second by 
what are called ^sual discrimination tests” that require no training* 

The tmining group formed for the purpose of learning to read the 
patterns originally included si3C girls with normal hearing. This 
gi-oup Wtks assigned to the work on a psrt-t iine basis during the sinii- 
mer of ID 13* Teuchers vrer® selected with eJEperience in the fields of 
phonetics and education of dm severely deafened, but they started the 
instruction with no previous knowledge of tlie speech patterns. In 
addition to this handicap, the fii'st months of training were based 
entirely upon tlie sound spectrograpli patterns which require several 
minutes for completion* 

A method of instantaneous translation was needed badly, but equip¬ 
ment of this type was not available for class use until the fall of 1&44- 
The first director translator utilising u new form of moving screen 
cathode-ray tube was entirely too kvgo and complicated for any but 
experlmenbil instruction use. There has since been constructed a 
much smaller tmnslator, approiiraately the size of a portable tyi>c- 
writer, with the speech patterns displayed on a moving drum of phos¬ 
phorescent material. While this more recent unit approaches a practi¬ 
cal size, it is stiU veiy much in the experimental stage and fur from a 
finished design. 

There is also under experimeutal development a large screen tmna- 
lator of Hie same general design aa the small unit but using a belt of 
phosphorescent material in place of the drum. In all tliree of these 
translators, transient speech patterns are fortued by tracing on a mov¬ 
ing screen the frequency distribution of speech energy as determined 
by a biink of fixed band pasa filters* The frequency scale used for the 
speech patterns is linear, although patterns with other scales, includ¬ 
ing tile logarithmic type, have been produced. 

One objective in the development of a small translator is to pro¬ 
vide an instrument that might ultimately be associated with tele- 
phones in such a way as to permit the very deaf to carry on telephone 
conversiitions by seeing, rather than hearing, the speech signalsu 

Due, at least in largo part, to the exploratory nature of the train¬ 
ing program and the time required to develop adequate equipment, tlie 
ability of the experimental class to read visible speech inci'cased at 
what w'ould be considered it slow^ rate for learning lip reading, short¬ 
hand, or foreign languages* However, the learning rate improved 
considerably iis the training methods and translators wei'e improved- 
Eccently a oongenitally deaf engineer, who depends entirely upon lip 
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reading, has been added to the dasa. His learning rate for visible 
{speech has so far compared favorably vith that for lip reading. 
During his training ho lias been tested regularly on his ability to r^d 
word patterns in the visible speech form and by reading^ lips, 
A Ithough adept at lip reading, and the lip-reading tests were carried on 
under exceptionally favorable conditions, his score on reading visible 
epeech has stayed well above that for reading lips. Inddentally, his ia 
probably the first case in which a person with sabstantially no hearing 
has been enabled to talk over an ordinary telephone circuit without 
the aid of a human “interpreter.” 

Thus far the results of the experimental training cnwurage con¬ 
fidence that these speech patterns may provide a practical form of 
directly translated visible speech, but much more training experience 
is needed for complete confirmation. 

A second way to determine the legibility of word patterns, by means 
of so-called visual discrimination testa, was initially devised to get 
around a diificnlty. It had been assumed at the ^art of the visual 
hearing project that the trainees would, after a period of training, be 
able to say whether one pattern presentation was better than another, 
and how the many var iables that appear in the translator design slioidd 
be treated. But this assumption proved to be mistaken. After train¬ 
ing with one form of pattern there was a tendency to dislike others. 
It soon became obvious that an unbiased evaluation method was neces¬ 


sary as a guide to development. 

The visual diseriminatiou tests produced to meet this situa^on de¬ 
pend upon an assumption that any language, aural or visible, is made 
up of many patterns j and that the relative merit of different languages 
or of different representations of a single language depends upon the 
ease with which patteras tliat make up equivalent vocabularies may 
be identified. In the visible-speech case, one test method is to select 
words that in certain respect look alike, and arrange them m what are 
called “similarity series.” Examples are, ‘'man, ran, van, tan,”^etc. 
The words are spoken in groups of tliree, such as “van-tan-tan” or 
“van-vau-tan.” An observer of the patterns produced by these wor^ 
is simply asked to check whether the middle pattern is more near y 
like tho first or last in a group. It is not required that the observer 
have any knowledge of the meaning of the patterns. Bating are in 
terms of the pei-centage of correct patleni identifications, taking into 
account the fact that 50 percent accuracy represents pure gu^vrork, 
Tlie figure so derived is called the “discrimiDatioo index. Poor 
patterns result in a low Dl, or if the translator fails to show certain 
sounds clearly, the DI for word groups oontaming th^ wunds will be 
relatively low. Figures of this kind pamit a quantitative appraisal 
of the performance of different translators. 
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Anyone "who considers carefully the relation between aural and 
visual perception is likely to question the need for using n three- 
dimensional form of pattern for visible speech. The ear hears two- 
dimensional ly in frequency and intensity. The time dimension is sup- 
plied by the memory. Wliy not then show only a frequency-intensity 
speech pattern and make similar use of the visual memory ? The ques¬ 
tion is a perfectly valid one and has received considerable thought 
during the investigation under discussion. In fact, an experimental 
study of two-dimensional patterns is being carried on simultaneously 
with the three-dimensional studies. At the present time it is confuved 
to visual discrimination tests of various two-dimensional displays. 
Earlier, one girl studied a particular form of pattern for a few months, 
but when the discrimination test methods were developetl this train¬ 
ing was discontinued tn order to concentrate the available effort upon 
the more fundamental aspects of tw-o-dimensional display. 

Both the limited training and the visual discrimination tests made 
so far seem to indicate that it will be more difficult to read tlie two- 
dimensional patterns than it is to read the three-dimensional type. 
Three-dimensional speech patterns are analogous to print moving from 
right to left on a telegraph tapei, while two-dimensional patterns arc 
analogous to seeing this moving print through a narrow slit, only as 
wide as the lines that form the letters, Ko doubt we could learn to resd 
print moving past such a narrow slit, hut it would rather obviously be 
more difficult than unrestricted reading because we normally perceive 
whole words rather than bits of letters. It may wej] be that this man¬ 
ner of reading is a result of the requirement that the eye be focused 
upon the print in order to obtain a satisfactory memory impression. 
Although the focusing requires visual effort, large pattern areas may 
be recorded in a single “esptsure” so that the effort is not excessive. 
But to record patterns a bit at a time, or two-dimensionaliy, by the 
visual process would require almost continual concentration and should 
therefore exact more effort for the same accomplishment. 

It Is possible then even though the eye should in theory be able to 
understand two-dimensional patterns of speech it may be inefficient for 
this purpose. 

In addition to the problem of understanding others, deaf and 
severely deafened persons are faced with the problem of controlling 
their own speech. Making sounds without ears to hear them is some¬ 
what like drawing pictures with no eyes to see the results. When 
the hearing b largely absent in a child, it is necessary to teach speech 
without normal control exercised bj the hea ri ng. Even in cases where 
a vocabulary ia developed before severe loss of hearing sets in, there 
is a gradual deterioration of the speech. In Exith cases visible speech 
in the forms described here should be of considerable help in speech 
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training and rdiabilitation. This lias proym true in the case of 
congenitally deaf engineer noted abore. During the past year hia 
speech has improved considerably and can be understood quite well by 
the average person with whom he comes in contact. His work with 
the translator patterns, however, has emphasized the desirability of 
providing an indication of the voice pitch. 

Unless the acoustically handicapped are able to control the pitch 
and tlic volume of the voice as well as the positions of the articulators^ 
their speech will sound unnatural although it may be intelligible. 
The best ways to display pitch are still uncertain. One possibility 
is by means of a wave truce perhaps below the pattern; another by a 
fixed trace, in which tlie line intensity is varied in proportion to the 
fundamental frequency. The latter is simpler from an apparatus 
standpoint, but in a first experknental use fieemed less acceptable as 
an indication. 

There remains to bo discussed potential uses for these sound P^t^ 
terns in various fields of specialized acoustics for purposes of analysis 
and illustration* The foregoing discussion of speech patterns indi' 
catea in a general way the possibilities as applied to phonetiosj philoh 
ogT, and apeech correction and development, but the patterns have 
many uses for the visual interpretation of complex waves other than 
speech* Plates 3 and 4 include a number of pictures of more or 
less familiar sounds that may illustrate better titan spccsch the rela¬ 
tionship between wliat we hear and what we would sea in this form 
of visible Interpretation. Sustained tones produce horizontal lines as 
in A of plate 3. Tlie clicks of a hammer against a metal block contain 
brief spurts of energy spread over the whole frequency range, so that 
they appear as vertical lines in B of plate 3. Swinging the frequency 
of a variable oscillator up and down the scale results in tlie wavy line 
of C in the same figure. 

The remaining patterns of plate 3 and those of plate 4 are described 
fairly well by the brief captions* For those interested in a more 
detailed examination of the time and frequency dimensions it should 
be added that in plate 3 ( A to G incluaive and I and J) and in plate 
4 (E to H inclusive) the length is approximately 9.4 seconds and the 
vertical scale includes a frequency range of zero (at the black base 
line) to 3j200 cycles per second at the top* In H of plate 3 and in the 
first four patterns of plate 4 (A to D inclusive) the length is approxi* 
mately 4 seconds and the frequency scale is zero to T,5(K1 cycles per 
second- 

The bird songs* pictured in plate 4 wei^ originally selected for use 
as teat material because they contam a wide variety of tone modula- 

■thcM iftyad EpfHPtmgTmmm were KBde ttrt CtorDell Blni^nff Bwrda 
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tion without tlie complications appeitring in ^unds that aro rich 
in harmonics. But these song patterns are obviously revealing and 
illustrate well the i>ossibiljtJes of sound portrayal. Witli such pat¬ 
terns as (h^ it will be possible to analyze^ compare, and classjfy 
tlie songs of birds, and, of even more importunce, it will be possible 
to write about such studies with meaningful sound pictures that should 
enable others to understand the results. The same argument applies 
to an almost endless variety of inaudible as well as audible sounds 
of boib natural and mechanical origin* Even such low-frequeTicy 
oscillations as those accompanying the beat of the heart may be re¬ 
corded slowly and Converted to the sound st>ectrograiu form by high¬ 
speed reproduction. Also frequencies beyond the upper range of the 
ear may be shifted to the audible range by well-known methods so 
that sound spectrograms may be made in a region where r^ordmg is 
leas dilhcult. 

In conclusion, it is well to point out tJiat this is necessarily an in- 
cmnplete story of the sotuid portrayal development. Nothing has 
been said about several important points: for example, use of a log¬ 
arithmic frequency ecale, and a frequency selection that corresponds 
more closely to the aural e^^perience; and better amplitude represen¬ 
tation by contours, color, and other means. Some interesting results 
have been obtained in developments along these lines but it seems best 
to reserve them for later discussion* Also, a great deal could be 
said about the need for a modemized alphabet in this age of speed 
when a rapid exchange of ideas and information is increasingly 
important, but this too had better be reserved for ^mc later occs^on* 

^lany members of the Ifell Telephone Laboratories, including both 
engineers and those associated with tl^e experimental training, have 
Mc^rated in this development work. All have displayed an enthus¬ 
iastic interest and it is a pleasure to acknowledge their contributions. 
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FLUORIXE IN UNITED STATES WATER SUPPLIES ‘ 

PILOT FfiOJECT FOB THE ATXiAS OF DISEASES 


BY ANASTiSt* Van BtHKAltm 


[Wltbl plits (mapn 

Within the lost 15 ycare attention has been increasingly directed 
to the distribution of fluorine in the water supplies* of the United 
States; for it has been demonstrated that a small amount of fluorine^ 
about 1 part per million, is necessary for optimal dental health. 
Wlicre the fluorine content of the drinking water is much less than 
this, the dental-caries eiperience rates are high; where it is greater, 
the disfigurement known os dental fluorosis or mottled enanid is 

endemic-* . t i i 

Because of this direct relationship between dental health and an 

element of the physical mivironmentj the water supply^ a study of tlie 
preblem was chosen os the pilot project for the American Geographi¬ 
cal Society’s proposed Atlas of Diseases,* the primary purpe^ of 
which is to show the correlation of disease with the natural and 
social enTironment* The growing public interest in the effects of an 
eicesa or deficiency of fluorino on the teeth, and the many studies 
of the problem made in recent years contributed to the choiM of 
this project as the first to bo undertaken.* Dr. H. Trendl^ Dean, 
senior dental surgeon, United States PubUc Health Serrice, who 
has done outstanding work in Uiis field, has kindly served ns con¬ 
sultant for the investigation, tiie purpose of which is to dMermine 
the distribution of fluorine in the water supplies of the United States 
as far as it is now known and to show where possible the oorrelation 
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between the fluorine content of the waters and the weter-beaTing 
layers from which tliey are deriTcd. 

This paper is a presentation^ not of final conclusions} but rather of 
the method of research used and of some of the problems met with 
in carrying on the study, and of the results reached so far, 

OOLLECTINQ THE DATA 

The first step in collecting data on fluorine in the water supplies 
of the United Stateis was the sending of a form letter to the Sanitary' 
Engineer of each of the 4S States and of the District of Columbia. 
With the aid of a reprint from the Geographical Review * the plans 
for an Atlas of Diseases were pr^ented, and information was re¬ 
quested on the presence of fluorine in the waters of the State, on lit¬ 
erature dealing with the matter, and on agencies from which furtlier 
mformation might be obtained. 

Within a reasonably short time replies had been received from all 
but two States, A few of tliese replies merely stated timt no data 
were available. Most of them, however, furnished concrete in forma¬ 
tion, sometimes much, sometimes little, but always helpful. This in¬ 
cluded material of the following types: 

1, TflbubEiooH ef statistics, both published auU umpubllsbed. 

2l Reprints and mnpsL 

0. Refe^nces to piibLicatlenSL 

4, Names of indllTldiiDls, flriaa, and agencies from which additioiial 

InforzDBtlon mlabt be obtolaed. 

5, Personal EtaUuneatfi, some detslledp Eome gcoerah about the preseare or 
absence o£ lIuoriDe In the water BUppIlea of the State. 

For half a dozen States tlie answer was that data such as we wanted 
wore in proce^ of tabulation and would be sent as soon as available- 
Some of this material has not yet been received. 

Letters were then written to all persons and agencies referred to in 
the answers to the first form letter. These brought similar types of 
replies. 

The entliusiastic responses from the sanitary engineers to whom 
we first wrote and from the health officers, State geologists, and others 
to whom they referred us are deeply appreciated. Many of these men 
went to considerable trouble to assemble statistics and compile maps 
for our use. Some of them have written more than once, and prac¬ 
tically all Lave expressed interest in the project and a desire to help 
in any further way possible. Without such wholehearted cooperation 
it would have been im|>ossibIe to accomplish as much as bus been don A 

The next step was, of course, a study of the literature on the subject, 
the references being acquired from the above correspondence, from in¬ 
dexes, and from cross references. 


■Op.dt (Boe fDetDDt0 4)^ 
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At the suggestion of W. D, Collins, chemist in charge, Quality of 
Water Division, United Sutes Geological Survey, a visit was made 
to tlie Washington office of the Survey, where access was kindly granted 
to the files of unpublished water snalyseSi About 1,500 additional 
analyses were derived from tills source. 

MAP SUllMAnY 01* QUANTITT OF ATAH^ABUl DATA 


These sources yielded some 12,000 analyses showing the fluorine 
content of water supplies. As a preliminary to the preparation of a 
fluorine map of the United States it vras desirable to see how the data 
were distributed. For this purpose a map (A on pi. 1) was prepared 
showing in a general way the amount of information available for 
each county in the country, A distinction was drawn between the 
counties for which five analyses or more were available, those for which 
one to four analyses were available, and those for which no analyses 
were available, A few areas were shown as being covered bj a gen¬ 
eral statement.” This means that, although our collection does not 
include any analyses from these areas, some have been made, and on 
the basis of them a public-health or sanitary officer has given a general 
statement about the fluorine content of the waters. 

This arbitrary classification of the abundant of data in terms of 
number of analyses per county does not take into consideration the 
sizes of tiie counties, which dilfer greatly, and therefore does not give 
a true picture of the Dumber of analyses in proportion to ai'ca. Five 
analyses represent the conditions in one of the large western counties 
less truly than in a small eastern county. Nevertheless, the map does 
reveal the relative amount of aUention that has been given to l^he 
Tiroblem in different parts of the country. The areas most tlioroughly 
studied are the Great Plains and the Southwest Comptirison with 
C and D on plate 1 shows that these are the areas where the problem 
of excessive fiuorioe is meet widespread. 

Apparently public interest has been nroused, and health officers have 
been stirred to action, more widely by the dangers of fluorine excesses 
than by those of fluorine deficiencies. This interpretation is supported 
by several circumstances. Although a relationship between fluonno 
and dental caries was suggested at least half a centui^ 
tention was given to the fluorine content of water supplies until 1933, 
after a high content had been definitely identified as the cause of 
mottled enamel.* From that time on, and begmnmg in the States most 
afflicted with the malady, recognition of the importance of fluorine 
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spread rapidJy, md it beg^n to appear in water analyses. Because 
the ^r]y emphasia wa3 entirely on the problem of mottled enamel^ 
email sjnoimts of fluorine were at first considered of no significaDce. 
A few of tha answers to otir inquiries stated that no tests for fluorme 
had been made because the area had no problem oi mottled enamel. 
The areas covered by the ^general statements’^ ai^e areas of low fluorine 
content, and a general statement to that effect was csonsidered sufficient, 
whereas when the fluorine content was high, the exact amounts were 
almost always given. 

It should be pointed out here that partly because of this thought pat¬ 
tern, emphasizing the importance of large amounts of fluorine, and 
partly because the early methods of analysis were not sufEciently re¬ 
fined, the early analyses showing small amounts of fluorine must be 
used with cautiom They may sometimes err by as much ss 0.4 or 0*5 
p. p* m** 

This emphasis on the problem of mottled enamel is understandable 
for several reasons. Mottled enamel is a positive disfigurement, a 
definite abnormality endemic in certain specific regions. Dental 
caries, on the other hand; is usually much l^s obvious in its effects on 
personal appearance and is so mudi more widespread that it is almost 
taken for grunted as a normal condition. Mottled enamel is attribu¬ 
table solely to excesses of fluorine, a relationship which was discovered 
in lilSL Dental caries can be attributed only in part to dcficiend^ of 
fluorine. It was first actually demonstrated in lOST and 1038, by 
studies of the chemical composition of sound and carious teeth and 
by epidemiological studies of children in cities using water of different 
fluorine concentrations^*^ 

In the number of people affected, there is no doubt that dental caries 
is a much vaster problem than mottled enameL It is to be hoped, 
therefore, that there will be a more general recognition of the im¬ 
portance of knowing the exact amount of fluorine in our water sup^^ 
plies, whether it is much or little. It is only fair, however, to point 
out that such recognition is already more widespread tlmn might 
appear from the map* In a number of areas where no fluorine tests 
have yet been made the reason has not been failure to realize the need 
but a lack of trained workers and equipment brought about by the 
war* 
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CLASSIFlCATlOrf OF WATES SUPPLIES IN TEitilS OF USB 

Mhuj’ of tLe anulyses included on the map just described are of 
the waters of private wcllSj used by an unknown but usually small 
number of people or for irri^tion, stocky and so on. ^ If tho^ data 
assembled by this study are to be of maximum value in studies of 
endemic dental fluorosis and dental caries, it is important to 
liow many people use a given water supply for drinking. For this 
reason Dr. Dean euirgested that the water supplies represented on 
the first map be clarified in terms of the use to which they are put. 
For this purpose two main types of water supply may ba disttn- 

guished, communal and noncommunal. ^ j ■ i > 

Communal water supplies are those used as sources of arm mg 
water by a large part or all of a community. They include suppli^ 
with such labels as **water companies” and “public,” “municipal, 
“town,” or “city” waterworks. For epidemiologiwl studio the» 
will be the most useful, since it is possible to ascertain approiimajely 
how many people use them. The emphasis is on use rather than 
ownership. Sometimes the communal water supply comes from a 
well or spring owned by a private individual. On the other hand, 
some publicly owned wells are used only for industrial purposes. 
Such would not lie classed as communal, . . , j 

VV^ater supplies listed as “noncomrnunaP comprise privately oi^cd 
wells and springs used for domestic purposes by one or two families, 
school and prison wells, and wells owned either publicly or privately 
but used for such purposes as irrigation, stock, industry, swimming 

pools, fishponds, and parks, ^ 

When tho use to which a water supply is put is not clear, it is 

classified us “unidentified,” 

All the water supplies for which fluorine analyses arc aval able 
have been classified in this way. The distribution of the nraultmg 
three types, communal, noncommunal, and unidentified, is shown m 

B on plate 1, 

HAPPINQ THE rLUOBlNB (XINnSiT* 


As was mentioned above, inclusion of a fluonno test m water anal¬ 
ysis is n i^nt development (1932 on) and has not yet ^me ui^- 
sal. Thia moans that all earlier analyses and many of the more ^nt 
ones make no mention of fiuorine. Ineouiploteness of data 
one of the major problems to be faced m making a map of 
content of United States water supplies. Plato 1, A, ^owu that _ 
many counties, sometimes for most of a State, no 
available. For many other counties there 
five water analyses that include a fluonne test 
more water supplies are needed before a complete map of the country 

wiU be possible. 
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In niiosl; cases, also, more analyses of the individual water supplies 
are needed. It is well known that the fluorine concentration of waters 
6uctuatc9 during the year, the roaximum value often being several 
times as great as the minimum. This is true especially for surface 
supplies but also to a lower degree for ground-water supplies^ For 
epidemiological studies it is the average value for the year that will 
be of greatest significance. Most of the duoritie ann]3'ses now availa¬ 
ble, however, represent single samples taken at random times through¬ 
out the year. Some of them uiay deviate from the average value 
enough to be misleading. 

A different problem is introduced by the marked local variations in 
the factor to be mapped. The fluorine content of water depends largely 
on the nature of the rocks through which or over whiclt the water has 
passed. Wells only a few feet apart may differ greatly in the 
fluorine content of tlieir water because they were drilled to different 
deptlis and obtain their water from different aquifers. Supplies 
nearby may be obtained from surface waters, with a still different 
fluorine content. £iperiment with a limited area, North and Soiitli 
Dakota (fig, 1), has shown that the mapping of all available fluorine 
analyse is impracticable except for detailed local studies. The varia¬ 
tion within short distances is so great tlmt the regional pattern of 
distribution is blurred, and the const ruction of isolines is impossible. 
Representation of the individual analyses by point symbols, the only 
alternative, presents a confusing picture and requires a large-scale 
map, A complete representation of the distribution of fluorine in 
Water supplies would have to be three-dimensional. 

As a solution to this problem, Dr. Wright suggested that only the 
m aiiin urn fluorine content known for each county be mapj)cd. Figu res 
£ and 3 show the results for North and South Dakota, the fiist for 
all water suppli^ that have been analyzed for fluorine, the second for 
rommunal supplies^only. On these maps a regional pattern of distri¬ 
bution of fluorine 13 revealed, and Isolines have been drawn for the 
values 0.5,1.0, and 1.6 p, p. m. These degrees of concentration ware 
suggeste by Dean as being of greatest significance os regards 
d^tol health. The highest dental-caries experience rates are associ¬ 
ated with fluorine concentrations of 0.0 to 0.4 p. p. m. Resistance to 
d^tal canes is noticeably greater when the concentrations are 0.6 to 
O.fl p. p. m. and reaches its maximum at concentrations of 1.0 to 1.4 
^ ^ attcr values there is a very slight development of 

mottled enamel m a small percentage of the population, and higher 
valu^ (.Tiuse increasing development of this m.-ilady. 

^ infonnation for large areas 

?. drawing of I* p|.t« l, C iind D, tlitrefore, color 

IS Md to represent U» known msnimum Suorin. content of wntor 
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suppli^ in each countj, m tenng of the same four degrees of concen- 
traiion. 

Several defects are inherent in this method of mapping. First of 
all, because of the incompleteness of the dnta, the ruajtimum fluorine 
concentmtion on record for a county may not be the masiinum Talus 
that really exists there. In a county represented on Uie map aa hav¬ 
ing a maximum Suorine concentration in tlie range from 0,0 to 0.4 
p. p. ra* there may actually be water supplies in use that contain more 
fluorine. On the other hand, all values less than the maiciramn are 
omitted, though they may be more rcprescntatiTa of general condi¬ 
tions in the county. It is essential to keep this point in mind; for the 
technical deTice here used of depicting the maximiun fluorine value for 
a county by shading the entire area of the county may be wrongly 
interpreted as meaning tJiat that value applies to all places within the 
county. That this is not so will easily be realized by comparing 
figure 1| where all known fluorine values for the Dakotas are shown, 
with figure 2, where only the maximum value for each county is 
mapped. 

For practical use in epidemiological studies tliia method is defective 
also f for it does not reveal the nature of individual water supplies and 
the number of people affecte^l by them. It does, however, sltow in a 
general way the sections of the country that suffer from either excesses 
or deficiencies of fluorine. For studio of conditions in specific areas 
detailed large'Scale maps will l >0 necessary, and in many casea these 
cannot he made until more water supplies have been tested for fluorina, 

THE SOUECia OF THE FLOORINEI 

In rock analy^, as in water analyses, fluorine has seldom been 
mentioned until recently because of the lack of accurate methods of 
deteiinining it in smoll amounts Clarke estimated that it makes 
up about 0.027 percent of the earth^s crust. However^ more recent 
investigations by Shepherd,^ based on new methods of analysis, in¬ 
dicate that fluorine is more abundant than this, making up at least 0.04 
percent of the eartli^a crust. 

Information on the amount and distribution of fluorine in rocks is 
still fur from complete, but enough is known to indicate that it is 
present in markedly differing amounts in different kinds of rocJ^ 
Shepherd found the highest average concentration (0.07 percent) in 
obsidian; the lowest average (Q.Ol percent) was found m more fluid 
lava flows, from which the fluorine evidently escaped with ease. Of 
course, fluorine contents much greater than these averages have been 

“ CUrkVp F. W^ Th# iilfc of feocb^Hlalrr, U, &- Ocol. Surr, Utlll. TtO, Bth vL, 
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observed in individual rocks. For es;aitiplOj the granites of the Pikes 
Peak area contain from 0.04 to 1.00 percent of OnoTine, present in tlie 
form of vForkable veins and scattered crystals of fluorite and of rare 
fluorine-bearing niinerals-^ As n result al! the surface streams drain¬ 
ing the area contain more than LO p. p. tn. of fluorine^ enough to make 
mottled enamel endenuc in the Colorado towns deriving tlieir water 
supplies from these streams. ITib is one of the few cases of endemic 
mottled enamel associated with the use of surface waters. 

Very few sedimentary rocks have been tested for fluorine. How¬ 
ever* since most undergit3und water comes from sediments* it is evident 
from this study that such rocks differ greatly in fluorine content. 
In some regions some of the strata contain a considerable amount of 
fluorine, others very little. Even in one stratum the amount varies 
from place to place. What is the source of tliis fluorine in sedimentary 
rocks f Obviouglyj gome of it is furnished by the weathering and ero¬ 
sion of the fluorine-bearing minerals in igneous rocks, the oomraoner 
of which ere a patite, tourma li ne, topa^, and seme of the micas. In some 
regions fluorine has been added in solutions dii’ectly from magmatic 
sources. This is probably the origin of the fluorspar deposits of Ken¬ 
tucky and Ulinoig;*^* Yet another source, varying in importance from 
time to timOj is the exhalation into the atmosphere of fluorine gases 
from Volcanoes* Zies has shown that in the Katmal area alone an 
e3ti]Tiated 135|000 metric tons of fluorine is released yearly, in tho form 
of gaseous hydrofluoric acid This material, dissolved in rain or 
is washed out of the atmosphere and contributed to the gi-ound 
water or the ocean or to sediments forming at the time* Mansfield 
as fluggiest€jd that because phosphates and fluorine have an ofEinity 
for each other, deposition of such fluorine would tend to be locwlized 
in arejis where conditions favored the ftccuinulatioit of phosphates. 
Tlie ranking fluorapatito is less soluble tiian tlie original “bone phos¬ 
phate’' and can be preser^-ed for a long time, llanslield believes, there¬ 
fore, that only during times of marked volcanic activity, when large 
amounts of fluorine are being supplied, can large enduring deposits of 
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pboepbdtes be formed. Ho fiuds that the major phosphate deposita 
of the United States can be related to periods of TOlcanic activitj 
known from pjroclastic depo6it& 

These conclusions suggest a possible explanation for the wide differ¬ 
ences in the fluorine content of sedunentary rocks of different ages 
and the variation from place to place in rocks of one age. Fluorine 
from Toleanic sources would be supplied intetiiiittently end would be 
unevenly distributed in apace. Its presence in the rocks would not, 
however^ necessarily ensure its entrance into the ground water. In 
volcanic'asb deposits tlie fluorine would be present in minerals such 
as apatite, tourmaline, and some of the micas. That waslied out of 
the atmosphere as a rain-water solution of hydrofluoric acid would 
enter into new combinations when it inched the ground, much of it 
probably forming fluorite. Because minerals such as tliese are rela¬ 
tively insoluble, fluorine, even though present in considerablo amounts, 
could not enter the ground water until the minerals containing it had 
been decomposed. Gwynne has suggested that much of this may be 
accomplished by the attack of sulfuric acid formed by the decom¬ 
position of pyrite. In sedimentary rocks pyrito is oonunonly found, 
in fairly large amounts in association with lignite and coal beds, 
evidently formed by reaction between iron minerals and hydrogen 
sulfide produced by the decay of organic material. Fluorine in eoluble 
forms should tlierefore be expected in large amounts where two condi¬ 
tions prevail i (1) an fibundance of fluorine-contammg minerals, sup¬ 
plied eitlier directly from magmatic sources, directly from volcanic 
sources (probably furnishing the greatest quantity), or indirectly by 
Iho weathering and erosion of igneous rodm; (2) an abundance of 
pyrite, usually found in association with concentrations of organic 
material, to facilitate the decomposition of the fluorine minerals. If 
this hypothesis is correct, it sliould be possible to demonstrate that 
matiy aquifers yielding fluorine-rich waters were formed during 
periods and in areas of marked volcanic activity, and that they also 
contain abundant pyrite. 

Such a correlation requires first of all a knowledge of the partic¬ 
ular aquifer from which a water supply is derived. From a purely 
practical viewpoint also, this would be deaimble as an aid in determin¬ 
ing the sources with the most beneficial fluorine concentrations and 
those to bo avoided because of harmful fluorine concontmtions. Too 
often, however, the exact source of the water is unknown, llany 
well logs are missing or incomplete. Even when they are available 
and accurate, the well often passes through several water-bearing 
layers; and unJe.^ it is cased and the exact nature and depth of the 

BOwynitf. c. 9.. Clwloglemi rf flMrtn* In I*™ W*U-W»Wrt. P*n.Amrie*B 
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casing are known, it 13 impossible to determine the oompoaltioji of the 
water from individual aquifers. 

In Bpite of tiiosa dimeultiea, enough information is available in some 
regions to indicate definitely that certab formations yield water with 
a high fluorine content, and a niimber of these formations can be 
sliown to Lave been deposited during periods of volcanic activity. 


INSTANCES or FLCORINE-RICH AQUIFERS 


^ the Gulf Coastal PI am, for example, deposits of pyroclastic ma¬ 
terial indicate that explosive volcanic activity was widespread and 
recurrent throughout Cretaceous and Tertiary time.” SufScient in¬ 
formation is not available to prove that all water-bearing formations 
deposited during these periods of volcanism have a high fluorine 
content, but some of them definitely do. For example, basal Upper 
Cretaceous rocks—the Woodbine sandstone and its equivalents—con¬ 
tain volcanic matertala over a wide area in Texas, Oklahoma, Arkan¬ 
sas, and Louisi^a. In noteheasteru Texas the Woodbine, which in 
places is ligmtic, typically yields water containing more than 1.0 
p. p. m. of fluorine, tlxe recorded range being 0.7 to 6.0 p. p. m,* 
In Alabama and Mississippi the Eutaw formation, a little yoimger, 
contains vol^ic-ash deposits, phosplmtic matenal, and lignite, and 
m Alabama it is the chief source of tlie fluorine in the water supplies.® 
In SaroBofa County, Florida, the Hawthorn formation, Miocene in 
a^, MUtfiins volcanic material and phosphates and furnishes water 
nigh m fluorine (1.0-3,4 p. p. m.),*' In Louisiana, also, toxic amounts 
of fluorine occur in water from a Miocene saudstoiio containing tuf- 
faccous material," For one of the formations in this region yielding 
water notably high in fluorine, no relationship with volcanic activity 
has yet been founds This is tlie Trinity formaxtion, of Lower Cre- 
taceous age, an important aquifer in northeastern Texas. The basal 
part of it is lignitie and may therefore contain pyrite. 

In the cenfrai and northern Great Plaina also, Cretaceous and Ter- 
tiary rocks contain much volcanic material, and lignite and associated 


t. inntEnaET of tbo Ilt^ntUT^ bo thli iubjeet are Rbu_ r H n . j 

Bfp. Fioria^Em) k ^ s»wiM,ta Oountj. pii.. a3rt-;4FU Ai,a. 

wiftriJiiliftrBirf tJ, H. Oi-olo*tc«l Sutxsj ” * IMS; tuapubltihed 



FLUOHINE IK WATEH 6U1-PUES--VAK BURKALOW 


219 


pyrite are obundant.** Because for part of this area, North aud South 
Dakota, fairly complete information was available on both the dnoriue 
content of the water snjjplies and the aquifers from which these sup¬ 
plies ate derived, the Dakotas were chosen as a sample area to demon¬ 
strate methods and problems of mapping these factors (figs. 2 and 3), 
Examples in this region of formations containing pyroclastic material 
and pyrite associated with lignite, and also 3 *ielding water with a 
fairly high fluorine concentration, are the Benton and the Pierre, 
The Fox Hills sandstone contains volcanic ash and yields water fairly 
rich in fluorine but is not described as containing lignite or pyrite. 
On the other hand, the Lance and Fort Union formations, which in 
western Xorth Dakota are the chief sources of fluorine-rich waters, 
contain much lignite with a variable sulfur content but ai'e not re¬ 
ported to contain volcanic materials. Over large areas in the Great 
Plains artesian water from the Dakota sandstone is the chief, and 
sometimes the only, dependable source of water, but most of the 
samples analyzed showed toxic amounts of fluorine, enough to cause 
severe forms of mottled enamel. Even before the cause of mottled 
enamel had been determined, it w'as known that in several areas this, 
malady had appeared simultaneously with the installation of artesian 
wells tapping the Dakota. There are frequent occurtencea of lignite 
in formation, sometimes with notable concentrations of pyrite, 
but only a rather remote relation to volcanic activity con be demon¬ 
strated, 

Ko mention can be found in the literature of volcanic materials in tho 
Dakota sandstone within the Unitetl States^ In tho eastern Rocky 
Mountains of Alberta, bow'ever, a thin bed of tuff near tlm middle of 
the formation has been described, and the u])per part contains tuf- 
faceous material grading into Ibe overlying Crowsnest volcanlcs,** 
which were derived from several vents in that area. Since volcanic 
activity h knowm to have taken place to the northwest in Alberta and 
to tlie south in Arkansas, Oklahoma, and Texas (the IVoodbine is 
correlated with the Dtikota), it seems possible that there were other 
volcanic vents that could have furnished fragmental material to the 
northern and central Great Plains. Some of the dark sbaly layers 
within the Dakota may prove to be volcanic in origin. On the other 
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Land, flven 'fritLout tLe pre9&nc« of pyroclastic material, fluorme-bear- 
ing gases from the known volcanic vents may have furnished some 
fluorine to the Dakota as it was being deposited. From litis source 
and from fluonue-bearing de'trital minerals in the sediments, un¬ 
usually large amounts of Huorine might be released by tlie unusually 
large amounts of pytite. 

In other areas for winch the fluorine-yielding aquifers are known, 
it has not in general been possible to discover any specific conditions 
that might account for tlie fluorine concentration. In Illinois the 
Dresbneh, St. Peter, and Kiagara formations, and in some places the 
glacial drift, have been identified as sources of toiic amounts of 
flooritifc In Oklahoma, waters from the Arbuckle, Clear Fork- 
Wichita, and Ogallata formations, and from recent alluvium are alt 
rich in fluorine. The Ogallaia sandstone, of Tertiary age, presents on 
interesting case. Throughout the Panhandle area of Texas and Okla¬ 
homa it is the chief aquifer, but since erosion has cut it off from rainier 
areas in the Rocky Mountains region to the west, its water must all bo 
derived from local rainfall. Well water from the Ogallaia typically 
has a toxic fluorine concentration, part of which tuny be acquired from 
the Ogallaia itself, which contains some layers of volcanic ash. Some 
of the fluorine, however, must certainly be derived from the overlying 
materials through which the water has to pass to reach the Ogallaia. 
Dr, Edward Taylor, director of dental health, Texas State Board of 
Health, teports » that in Deaf Smith County, Texas, the topsoil con¬ 
tains 250 p. p. m. of flaorine. At a depth of 8 feet this increases to 
2,SOO p. p. m. A number of volcanoes in New Mexico, active in 
Pleistocene time and erupting ash that was deposited throughout the 
Great Plains," wore probably the source of this fluorine. Perhaps 
similar conditions, with fluorine being supplied from overlying for¬ 
mations, may exist for some of the other aquifqrs which ate appar¬ 
ently rich in fluorine but for which no explanation of the fluorine 
content is evident. 


CUMATE AND THE FLUORINB CONTENT OP WATER 

Oclrerse reports that in South Africa the areas of low minfail 
“have, generolly speaking, a higher fluorine content in their under¬ 
ground water than the high-rainfall areas * • *. The soils and 
rocks in the low-rainfall areas have not been leached of their minerals 
to the same extent as those in the high-rainfall areas.’' Such a re¬ 
lationship con of course be demonstrated only for surface and shallow 
well waters, since artesian aquifers are not subject to climatic in¬ 
fluences. In tile United States in geneml the surface and shallow 


"Letter, Dwnber tS, 104&, 

»AnKr. Ml. an, pp. flsi-Mo lose. 



FttJOHlITB IN WATER BUPPLIES—^VAN BOSKALOW 221 


well watets of tbe humid East contain little or no duorine, whereas in 
some parts of the drier West they contain toxic amounts. In Arizona, 
for example, most of the high fluorine concentrations are found in 
shallow welia.® This is not true, however, in all dry regions. In 
the Dakotas it is typically the deep artesian waters that hare a high 
fluorine content, and usually the shallow well waters are nontoxio. 
Since in areas of low rainfall the fluorine concentration mries with 
variations in geological conditions, it seems unsafe to attribute the 
contrasts between tbe humid East and tlie drier Great Plains to cU* 
inatic differences. Differences in the nature of the rocks are probably 
more important. 

OTHER PATHOLOGICAL EFFECTS OF FLUORINE 

It is known that ingestion of large omounts of fluorine affects the 
human ^'stem in general, producing changes in tlie bony structure 
sjUlulating rheumatic conditions. Cases of such chronic fluorine poi* 
soning caused by excessive fluorine in the drinking water have been 
reported from India, the Argentine Hepublic and South Africa.*® 
Experimental studies indicate tliat other possible effects of fluorine 
are enlargement of the thyroid gland, producing exophthalmic goiter; 
reduction of the calcium content of the blood, disturbing body metab¬ 
olism; rendering of the bones more fragile, causing an unusual num¬ 
ber of hone fractures; and development of high blood pressure and 
nervous disorders.*^ 

As far as is known, these types of fluorosis have not been reported 
in tlie United States. Since the minimum amounts of fluorine needed 
to produce them linve not been determined, it is uncertain whether 
they arc entirely absent, even where there is enough fluorine to cau^ 
dental fluorosis, or have merely not been recognized because of their 
similarity to disorders caused by other factors. A recent study “ of 
men and boys from regions with water supplies containing from 0.0 
to 5.0 p. p. m. of fluorine shows that bone-fracture experience, height, 
and weight are not related to this degree of fluorine exposure, ilore- 
over, it was found** that a large percentage of the fluorine ingested 
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by this group was eliminated in the urine, which greatly reduces the 
probability of fluorine toiicosis when the fluorine concentration in 
the drinking water is 5+0 p. ra_ or less+ For the effects of higher 
concentrations, and for other tjT)es of fluorosis, more studies are 
needed. 

In conclusion the need for bettor data on the ffuorine content of 
potable and agricultural waters is urged upon county and State health 
departments. Tests should be repeated on the same wells throughout 
the year to determine minimum as well as average and maximum val¬ 
ues, Tests should he correlated with depth of well, with populations 
using the supply (both human and animal), and, wherever possible, 
with rock analyses at well depths. A copy of this report will be 
mailed to each cooperating ofiice, and correspondence will bo contin¬ 
ued until the preliminary map can be redrawn and the study advanced 
to a more permanent basis^ 
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INTKODDCTION 

If any thousands of toIchdocs, old and young, nra scattered over the 
earth^s surface* Some that are very old have been reduced to traces 
by erosion, others are still perfectly preserved in their essential form, 
although cold and Inactive* About fiOO volcanoes arc known to have 
been active within historical timea, although the ziumber of volcanoes 
in eruption at one time ia never large. With very few exceptions the 
active volcanoca are old and well-established features, antedating the 
history of man by many years, some having their bcgiimiags a million 
or mote years ago. 

In all recordetl history there have been but sis iostanci^ reported 
of a new volcano being born, tliat is, originating at a spot with no 
evidence of previoas volcanic outburst^. To these six, we can now 
add a seventh—Parfcutin Volcano—that arose in a cornfield in 
Mexico on February 20, 1943, The only previously recorded instance 
in which the outbreak of a new volcano was actually observed is that 
of Chinyero, Tenerife, which opened up about 100 meters from a 
farmer and Ilia son. 

In the case of Paricutin Volcano, four pei^ns actually saw its 
beginning at very close hand, and their observations furnish the first 
adequate account of this rare phenomenon. Others visited the spot 
after the first outbreak, and scientists were soon on hand to submit 
it to detailed study. Since there are so many apocryphal accounts 
of what took place during the first moments of Parfcutin Volcano, 
we will quote, as accurately os possible, the narration of events as 

two mutfaorv flnt uv llif Dew TDtnaa BlM>at 1 ifler Iti btrEb, TbfFc4fUr 

tlifj kept It iiDfler fr^DBrnUoD Bor & pDiiod of uttrlj ^ ywi*. 
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recounted to us by the actual eyewitnesses. It is remarkable tliat, in 
spite of the tremendous shock and oTerwhelming fear induced by this 
sudden apparition, tliere is so little apparent distortion in their 
obserrationsL 

Michoacan is one of the southwestern States of Mexico, lying due 
west of Mexico City and touching the Pacific Ocean. It lies in part 
on the Mexican Plateau, in part in the Tierra Cnliente. It is also one 
of the most beautiful States of Mexico, and ow® much of its attraction 
to its pine*clfld volcanic hills, and its lakes formed by dams of ancient 
lava flows. AUhough the region contains numerous dead volcanoes, 
it lias had but one active volcano In historic times—Jonillo, which 
began in 1759 in much the same manner as Paricutin Volcano. 

One of tlie most fertile portions of this region was the municipality 
of San Juan Parangaricutiro, which included, besides the scat of the 
Municipio, Parangaricutiro, the villages of Paricutin, Angahuan, 
Zirosto, Zacan, and others. The area consists of small, rich valleys, 
devoted to the cultivation of maize, between volcanic ridges and cones 
covered with forests of pine. As is usual in these regions of Michoa- 
can, the tillable lands arc privately owned, but the forest lands belong, 
in large part, to the villages, and being sources of lumber and turpen¬ 
tine, are an important asset to the community. 

The region is inhabited by Tnmsean Indians, an indigenous popu¬ 
lation who have clung persistently to their own language and custoins. 
They are an industrious, deeply religious, yet valiant people, with an 
innate knowledge of nature such as one finds in a people deeply 
attached to the soil 

Three kilometers south of Parangaricutiro and two kilometers south¬ 
east of Paricutin lay the valley of Rancho Tepacua, Its southern 
border is the lower slopes of Mount Tancitnro, 3,845 meters high, and 
thohighestpointinMichoacan. Itsnorthernborderistheridgecalled 
Jardtiro. Between these two mountain areas passed the road from 
Umapan to Parfeutin. As is the custom in this region the owners of 
the farms live in the villngea, the farms themselves being occupied only 
temporarily at intervals. The workers travel each day with their 
oxen and tools from the village to the fields, or to the forest, returning 
in tlie evening to thoir homes. 

Between Janitirn and the foot of Tancitaro, and about IVg miles 
from Parfeutin Village, lay two rich parcels of land. One, Qniteocho, 
belonged to the town of Parangaricutiro j the other, Cuiyulairo, to the 
town of Paricutin. A stone fence separated tlieso two parcels of land 
and formed the boundary between the two toivns. A large reck, colled 
the Piedra del Sol, was also a boundary marker and a landmark. 
Quitxocho was the property of Barbarino Gutierrez; Cuiyiitziro that 
of Diomsio Pulido, ^ 
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In th^ minds of mntiy of tho simple people of the regiorii the tragedy 
that overtook Parangancatiro and Parfeutin is related to events thet 
had their beginnings many years before, Wlien the Tara scans sep¬ 
arated to form diverse villages, the town of Paraiigarkutiro, which 
became the important center of the area and the town of graatest 
influence, bought lands from the other villages, ParJcutiti sold some 
in Randio Tepacua, near the parcels of Cuiyutziro and Quiizocho, but 
the boundaries were never well defined and Pnrangarlcutiro took 
more land than they had bought (said those of Paricutm), There 
resulted such a deep feeling of animosity that those of one village 
hai-dly dared pass on the lands of the other. This led to numerous 
altercations on the disputed lands, in one of which Nicolas Torol^ of 
Parlcutin, lost his life, almost at the very spot where the new volcano 
was to break forth. 

The ecclesiastical authorities of the Sfunicipio, desirous that the 
dispute should cease and the two villages live in harmony, placed 
upon the Cerro del Homo, a huge rock high up on the slopes of Mount 
Tancitaro, a large wooden cross with plaque of silver, facing Raiidio 
Tepaeua, A solemn mass was held at its dedication, attended by a 
large assemblage of people from many miles around^ And so some 
days passed m peace. But one day it was discovered that the cross 
had been chopped down and had disappeared. The council of pa¬ 
triarchs, or Tereptjch, who gather periodically to deliberato matters 
of common interest and to augur the $igns for the future, considered 
this event with dark forebodings and prognosticated a punishment 
without equal, a punishment tliat would cause their ruin and misery. 

BEFOEB THE YQLCANO 

In the lands of Eancho Tepaetia there existed for many years a small 
hole. Both Dionisio Polido and his brother Dolores mentioned it ns 
having existed all during tlieir tenure of tlie land* Each year they 
cast dirt and debris into this ca vity, but it showed no appreciable signs 
of becoming filled. Sra, Sever! an a Murilla, now an old Indy, recalls 
how as a child, more than 50 yeots ago, she played about this small ])it, 
She remembered it well for two reasons: first, because her father 
warned her to avoid the spot, saying that it was the entrance to on 
old Spanish mine (although no mining activity has been recorded in 
the area); and second, because one frequently heard siibtcminenii 
noises, as i { made by fall ing rocks, nea r the hole, Fu rth er, they am used 
themselves around the hole because it emitted a pleasant warmth* 

Early February is the season of Barbecho, the first plowing of the 
year, in preparation for the season’s sowing. At this time the vil¬ 
lagers are in their fields busily engaged in their various tasks. On 
February 5 the first premonition of tlie impending disaster was no- 
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ticed—the earth began to tremble, With each succeeding dn; the 
tremors increased, both in number and in Tiolence. Subtenanean 
noises^ too, could be heard with increasing frequency and intensity; 
they seemed to be centered in the area of Cuiyutziro and Quitzocho. 
TJiese seemingly unnatural manifestations kept the inhabitants in con¬ 
stant turmoil and fear. The earth tremors became so frequent and so 
‘violent that it was feared tlie great church of Purangaricutiro, with its 
massive walls of masonry moro than a meter tliick, would collapse, As 
n pi-ecaution, the sacred image of the church, El iJefior de los hlilagros, 
famous throughout the region for its miniculous powers, was placed 
in the main plaza, near the village cross, and by a strange coincidence 
faced directly toward tlie spot where the volcano would appear. 

FBBRUABY SCt 104S 


February 20 was clear and calm. Dionisio Pulido left his village of 
Parleutin to prepare his farm “Cuiyiutziro” for the coming sowing, 
VV ith him he took liis oien and his plow. He was accompanied by 
his wife Paula and his son, who would watch the sheep, and Demetrio 
Toral (who died a short timo ago m CalKontzin) to help with the 
plowing. 

In tbe afterniKin, after mldder, t Joined my wife and son. whn were watrhing 
the aheep, and Inrttilred ff anytlilDg new had occaiTCd, since for Z weeks we had 
felt Strang tfmbloret In the reglDB. Paula replied, yes, that ahe hud heard uolse 
and thuDder undergrtiuniL Scarcely had she flaisbed speakiag tiben I, myself, 
heard a aulse, like thunder during a ralnstonn. hut I could not esiilala It, &r 
the sky above Was clear and the day was so peaceful, ns It Is In February. 

At 4 o'clock I left my wife tu set fflro to a pile of branches which Demetrio 
and I and anotber, whuse name 1 cautiot remembei, bad gathered. I went to 
ham the bntnebes when I noticed tliat nt n cifcwi,* which was si mated on one of 
the knolls of my farm, a llsaare had opened, and i noticed that thin assure, as 
I followed it ivltb lay eye, w-na long and poised from whore i stood, threuRb the 
hole, atid continued In the direction of the Cerru de Cauljuata, where Canljuata 
Joins the Mesn of Cbcojara. Here Is something now and strnngfo, thoueht I, and 
1 aenrehed the ground for marks to see whether or not It hml epeiiod In the 
night but could dud none; and I saw that It was a kind of flssare that bad only 
a depth of half a meter. 1 set about to Ignite the branches again, when 1 felt 
a thunder, the traa trembled, and I turned to speak to Piniln; and Jt wos then 
I saw how. In the hole the ground swelled and raised Itself—2 or 2^ meters 
high and A kind of smoke or flne dust—gray, like aahm—begtin to rise up )u a 
portion of the crack that I hail not prevlousiy seen, neur the rcsumldero, liu- 
medlaiely more stnoke began to rise, with a liiss or whistle, loud and eoLtinuous, 
and there was a smell of sulfur, I tlien becante greatly frightened and tried to 
help unyoke one of the ox tenum. ] hardly knew what to do, so stunned was I 
before this, not knowing what to think or what to do ami not able to flud juJ 
Wife or my non or my animals. Finally my wits returued and I recalled the 
noensd SeBor dc los Ullagnm, which wan la the church In Snu Juan (Paraogarl- 


^YarlDDnlj ntmtA to tj PuIJilo m 0 fncTO 

InlQ which wil«r dldftppoftn dorlHf niitf 


*1“ ATDttO), ron’^toldcrp fa hhlf of 
bewiODK or AfaJfirD <m hoae). 
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FYauEis l.'^ParlCQtLa Tolcano at time ot Ita outbreak, abowln^ poaltltin of 

wLttieys^ 

1+ Dlrecdan of plow furrow. 

2. Btonlslo PulEUo. 

3. DemetFto ToraL 

4. Voot of toloiDa 

Sl DtfpresslnEL along fl^r& 

6l Tbe original Jl^sure. 

T. Fmm <lel Sol, 

8, Patti tak^n by Aurora Cbnrn^ 

A secondary exaok of fissure. 

10. B4>ad to Pnrlcotjo nod FantngarlontLro. 

11. Fiuln Biingol de l^ldo. 

12. Floe treoaw 

cutiro) and Jfi a loud mice I cried: ''&iDto SeUot de loa Milngros^ you bnjujjbt me- 
into tfala world—now aAm me from the dangora In wbicb 1 am about to and 
I looked toward tbe fkssura Crota whence rase tbe amoko, and aiy fear, for tbo 
first time, disappeared. I rnu to see If r could save my family and my companlona 
And niy oion, but I did not see them, and tiiooght that they bad taken tbe oien 
lA tbe eprfng for water. When I saw that there waa no longer any water In 
the Bprlng, fur It was mat the fissuee* 1 tboQgbt the water was lost because of 
the fissure. Then, voty frightened, I mounted my mure and jialloped to P^irfcutin, 
where 1 found my wife and son Pud frlendi awaiting, fearing that I mLj^t be 
deadi and that they would never as?e me again. On fhe road lo E^artcntln 1 thought 
of my Uttle nalmalft, tbe yoke oien, that were going to die !n that flame and 
smoke but iiptm arriving at my liouse I was happy to see thnt they were there- 

At no time did Pulido notice any heat in the ground about the spot. 
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Paula accompanied her husband to watch the sheep. From S o'clock 
in the morning and all during the day she could hear subterTanean 
noises, 08 if made by a torrent of water drugging stones and logs, or of 
stones rolling down the mountain^de. 

Aboiat 4 o'^lockt fifter talking to my liosliiLDdi T b^nrd fi kicd of lend wkEstle; 
like the noise of w-nter foiling In Ur* coala or hot embers ThU noSse waa ccni' 
pletely distinct ftom the underground I had been henrlDg and the tr«s 

swayed strongly ood continuously. I was obout loa meters from the plnce where 
these things Uwk place, when I saw, issuing from a crevlco that luad formed, m 
little cloud of gray color aud 1 juneHcd an odor, like tulfur, and 1 noticed that 
firime pi ncs about SO meters from the orifice began to burn. I called to my hnsba cid. 
Then I lie ground rose in the form of a confused cake 2 or 2^^ meters hlgtu shore 
the open fli^ure and then dlsappofired, but I cannot s^y whether it blew out pr 
fell back—I believe It swallowed Ltsell I was sure the earth was on lire and 
It would consume ItselA I am sure that from the flasure arose a gtsy colunui 
of smoke, without force, deposiflng a One grfiy dusL 

Very much frightened, Pftula fled to Parfeutin and there waited with 
great anxiety to see whether her husband would return, ToraJ arrived 
with the oxen. 

Aurora d© Cunra^ wife of Gregorio Cuaro Sotn^ had been with her 
fatniij at their farm at San NicoIaSj some 20 kilometers from Paran* 
garicutiro* All during the day they felt Tery strong earth treioorg 
and heard subterranean noises. Aurora and her children were retiini- 
ing afoot to Panitigaricutiro along the road that leads directly past 
CuiyutJiiro. At 4:30 p, m+j they reached the foot of the Piedra del 
Sol j precisely at the time when the ground opened up, 

I pa?^ the Pledro del ^1^ I felt very bcary earth Shocks and saw tbe 
fonh open n[% like u fissure,. From this Assure orose a ampke of very Aue (pfsy 
du^t to about one-half Uie belghl of the nearby pine trees. 

Although terribly frightened Aurora clambered to the summit of 
the rock, in order that she might see what was happening. Tlie fissure 
was about 60 meters distant. There was no ‘^thunder'’ but she was 
able to see that not only smoke and gray dust, hut also “sparks" rose 
from the fissure. She could sec Pulido assist his helper unyoke the 
opti but could not sec Paula because a grove of pines obscured a full 
view of the farm, and she saw the two men flee in fright toward the 
village. At the Piedra del Sol, one could hear noises like a roar or 
like a stone falling down a deep well and striking the sides. 

Dolores Pulido, brother of Dionisio, was working in the forest on 
Cerro dc Jandnljoro. He saw smoke arising from his brother’s land 
and went to see what had taken place. He reached the spot about 6 
p. m. and saw, from a distance of 8 meters, smoke issuing from a vent 
m the ground. About this vent were low mounds of fine gray dust. 

He was imable to approach closer because of falling stones. He then 
took fngnt and fle<L 
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In ParaTigriricutiro, Luis Oritz Solorio was landing near his bouse, 
talking to hia neighbor, the sboeiuaker. It was a quarter past 5 in the 
afternoon. Looking toward QuitzcM^ho, he saw u thin column of smoke 
arising. He went to tlic plajsa, where many people had gathered in 
front of the church, for news had come that the earth had opened up 
and suioke was issuing from a crack in the ground. The Cura, Jose 
Caballero, with the consent of the PresidentOj Felipe Guam Aniezcua, 
decided to send a group of men to the spot to see what had taken 
place. Solorio offered to go, also Jesus Anguiano, Jesus Martinez, 
Antonio Escalera, and Miguel Campoverde. Since tile Cum believed 
this mission would be a dangerous one in which they might lose their 
lives, and to give them apirit, as well as valor, he gave them his 
benediction. 



Fiouze 2. —Parlcutla Volcnnci at 0 ji, m., February 20, 1013^ (From ft model mode 
In the soli by Aneulano^ Scale In meEera) 

1. Small mounds of gruy aah. 

2. Tli« fisuro ihot openeil, 

S. The pit frcun which vapors baued, 

C The fmetufo that opened while AnguLano aad llarilnca watched the veat 
5. Ah^^ilqo nnd Martlnea^ 
a QtLier members ot the Paranzftrlcutlra party. 

Tliey went by liorse, riding rapidly, and very Boon came to the spot, 
the Erst two to atrivebeing Jesus Anguiano and J(Sil3 Martinez. They 
found that the earth had opened, forming a kind of li^iire, at the 
extreme southern end of which was a bole about half a meter across, 
from which issued smoke, and red-hot stones were thrown into the 
air a short distance. Anguiano, desirous to see what was taking place 
in the hole, approached the spot, when Solorio cried out to come back, 
the side was about to collapse. Scarcely had he leapt hack, when the 
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wall fell in, widening the orifice to 2 meters acro^^ and the column of 
smoke increased in si Be. 

According to AnguianOj the orifice was pear-shaped and from this 
cavity arose a fine gmy dust like ashes and “sparks,” and stones were 
thrown out without much force to a height of 5 meters. A choking 
odor pervaded the spot In the lent the sand was “boiling-' like the 
bubbling sand in a rising spring, with a noise like a large jug of 
water, boiling vigorously, or boulders dragged along a stream bed by 
a river in flood. About the vent aniall mounds of tine dust half a meter 
high had gathered. This fine ash was very hot but Anguiano coUeeted. 
some in his handkerchief as well as two of the hot stones. 

The ground shook violently, “jumping up and down, not with the 
swaying motion they had experienced In Parangaricutiro,^ 

They decided then to return and report what they had seen, and 
they carried with them the ash and the two stones^ The stones were 
delivered to the Cura, and being itill hot, tliey were placed in a dish, 
and the Cura exorcised them, that the volcano might cease. The Cura 
and others then consulted a book on Vesuvius in the library of the 
church, and it was decided that what they liad seen was a volcano, 
which greatly astonished the gathered people. 

Between 6 and 0 o'clock the volcano began to throw out largo stones, 
and at 10 o'clock, one could see clearly, from Pai'angaricutiro, through 
the pine trees, incandescent rocks hurled out, but without any thun¬ 
derous noises. Between 11 oVlock and midnight the volcano began 
to roar, huge incandescent bombs were hurled into the air, and flashes 
of lightning Hpi>eared in the heavy nsh column. 

On the morning of February 21, Pulido drove liis oxen to the forest 
to gntBe and tlien went to h 19 farm to see what had taken place. At 
8 o'clock the volcano ivas about 10 meters high. It emitted smoke 
and hurled out hot rocks with great violence. 

With the outbreak of the volcano, the earth tremors oeased, much 
to the relief of the populace. The Curia and Prtsidente allayed Iheir 
fears somewhat, but on the morning of the 21st a strong earthquake 
threw them into panic and they abandoned their hotij.es, tltose from 
Paricutin fleeing to Parangaricutiro, those from Parangaricutiro to 
Angahuan or Uniapan, and those from Angahuan to the mountaioa. 

In Parangaricutiro, the village council met under urgent summons 
from the Pi^esidente. Tlie oflicial account is given in the records 
of the municipality as foUow^g: 

In tlie TlUage ef rorangarictillro, sent of ih^ maniclpallty of the ftume on mo, 
state of Mkhparan de Oeumpn, at 10 ocloclc on ihe 2lst ilyy of iho tnonlb of 
Jebiniiiry, gather^ In the public hall at tbe mualclpal govenunentp under 
nrjgtut summpitfl, (he Regldptes* Fellpc Cuam Amescua, munlelpal mnypr. Feilr 
AndotbP. trustee, Hafael Ortim Enriquez, Ambroslp Seto sad RatULp SEindovnS, 


i C&imdJori. 
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BE Mil flB Apiatfn chief of the Tonaacki of Pnrfcudiu of this munlclFlo* * 

And Dlonlslo Pullilo^ Trident of aaid filace; the Kt^ldor l^VlIpo Guam AmezcQR, 
PrttddenG declared the se^OA opened, ^EAtln^ that jeaterdHy nt nboat IS o'clock, 
Mcasra. Bdnptiez aod Pulido prescDted tiieiil4^Ife^i toUlQg, greatly excited* 
of the appearance of a atranee conflagrailoii tlmt ocenrred at IT o'cloclc jrCflterdnjf 
Id the valley called Culydtziro, to the ciiat of ibe village of Parfcuilo. They 
iLiiked that they be taken iminedlately to the place of thp happculug, that one 
could Bce for one's self the truth of their assETtlon; at the time DIonisfo PuUdev 
oTjrner of the nbove-meattoued propertyn irnve the information ihnl ^rly on 
the day of the event, bp left his village (Pwrlcuiin} to tend hla Hheep la com¬ 
pany Tvllh hla wlfp Paula Itangel dc Pulido and to visit his proper!lea allnnted 
10 Ehe said valley; tliat la thp afeernoon, at au early hour, he left the place, 
asking hla wife to watch the ahepp uotJl hp rpturaed; that about 10 o'cloik he 
returned to the place and HShed Demntrlo Torres" who worked In the delda, 
to unyoke the oxen and take them to water: After which be returnetl to bis wife 
suggest Jug that she retum to the village; going then to examine llie work done 
in the dPldSi arriving at the slope of the nearby hill to the east; that there, 
about IT o'clock, be felt a strting tremor and din tn the earlhi to which he paid 
little attentlom alnce Boiatna had been frequent for more than S dnys, but l>e 
continued bearing loud ffubterraneim nol^ ftocotnpauytng ihn tremors, and 
then, thoroughly frightened, he turned his gns^ to the weac; tbnt Is tounrd his 
village, observing with surprise that down there In the Joi‘fllta/ long tnugues 
of fire nroife, with a great deal of smoke and noises never heard luifore. A 
terrible panic seized Mm, and he lied toward rnrScilUn+ where he nrrlved out of 
breath. Immediately recouiiLlng to Cr Ajcnsliu Sduchea^ chief of the Tenanela, 
what hnd occurred. That Seuor Sdnehez, eouvlnctng hlmeelf of the truth of 
what l^iido had told him, went with him to the municipal prealdeut of Pnrmh- 
g&rlcotlro, where, totally alnruied, they gave ihe facts to Q. Felipe Cnatn Ame®- 
cusp who with the haste the ense merited, weal with the Informants to the place 
where the phenosaeuon had appeared, and Inter they learned tlmt It was a 
volcnna Itetumlag to Farangartcutlro, the G. Presldepte ^luoldpal summoned 
the members ef the council to attend the present Extraordinary Se^Lou nnd 
consider thla juatter, now that the fear has pyteuded to all the nearby v Hinges, 
solid ting, for this rcftaon, ample powers from the Council to oct; be gave as 
Important lu the case, that now the volcnno grew with real fury and (with It^ 
the panic of the tobahltanta of the regloii who abandoned their homes and 
possessions. It was conceded at once to C. Felipe Cuara Am^'ua^ who 
mediately l>egnn actloa to solve the problem in the best manner, fioHcltlng the 
help of General ef Division don Manuel AvUo Camacho, ConBatutlonal Prestdeat 
of the EepubUc; of General of Division dou L&curo Cdrdeaas, Secretary of 
National Defense: of General F^lli Iretn VLTleros, Govemor of the State; to the 
Departments of Agriculture and Government, Municipal authorities of Umapau 
and to other odkiaJ agencies, by m^as of telegraph and telephone, Vpen the 
proposal of some rstdePts of this place and of FarfeuUn, the correct name that 
the mentioned volcano should bear was discussed, and after ample detlherstlon^ 
In which woa taken Into account the history, traditions, nmi desires of the 
people, U was unahlmously deciiOmtnated "'Volciitio do PsrtcptJa*'' 

Otadonio Gutierrez, a witness to the eTents from Parangaricutiro, 
wrote the foltowing account for us: 

* A rndnlritrlo Include the fsbfcer*+ ot ifit of govarnme-ntT sad s aisintHr of Tlllanfl, 
HMit-ewl TbFoi3Bh the km. 

^ Dem^trlO Toni. 

* Bnuh vKUey or lUpzH^on. 
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Tlte ytAT 1&43 be^n. Wben 1 a friend nn a raDcti called TItiicatOp Bome 

few kllumeterB soutb of wlaent the new TOltaoo broke ferttl, lie told me tint 
Bome treiuora had already be^n In these places and they hE?ard mnn^^ nolsos 
in the eeoter of the Then theec noises aud the tretnora been a to be felt 

Id Bad Judd (FarnitgarkTitlrD]l Uio foil owing monthp the of ifebmary, at 
midday, and every day iirttll the 20ttu IMirlng iheae 15 dnya of treiiioPs. there 
were some stronger thna Pthem; when we heard the suhterrhaeaii noises we 
awaited ihe tremor. Accord Litg to the noLve the movement of tlie earth was 
strong or weak. They followwl each other almost eyery minute. If they were 
delayed the noise op the tfeaior was stronger^ 

The people CQidd aot feel secure op have cenddence to remata loi their houses 
to sleep. They knelt down fretitieotly to pray to God that the earth would not 
sink, such was the Enovement daring so many days of earthqanhes. They hroaght 
forth the image of the ^nto Crlato Mllagro£Op of this vUlagCp Ja procesaioD and 
the earthquBhes ^oi^ed^ 1 write this bocaase I have seen It and aot because It 
waa told to nm 

The volcano broke out on Satorday, February 20, at nbotrt half past 4 tn the 
afternoon. Whai n great surprise for my village and for the world! ^I^e earth 
was barned and there be^u to oacead a fimRll simple columJL, that grew little 
by little, B vaporp strange gray in cwlorp rising silently, wUh an Inclination to¬ 
ward the soDthf%Bh A little later many people came from PDrfcT£ttn+ which was 
nearest to the volcajio. The Presidente Municipal don FClIpe Ctiara prepared 
to move the people from the place, and had already asked^ by means of telegraph, 
for trucks to transport all the people Bu t the people despaired and teei^an to leave 
on foot, on horse or on burros^ or bO'wemr tbey wer^ able. 

In the afternoon, when night begun to fa lip one coold heap more uolse. These 
We calletl ‘Teiaqne^’^' Borne tongues of hume began to wiipear, ns of Are, thnt 
rose about BOO metepa Into the atp,i and others even higher that loosened h min, 
as of cirtLdclal golden 0ra At S or 9 at night, some flashes of Ugbtnlug ehot from 
the vent Into the column of vopop+ The column was now very dense and hlaek, 
and !enended toward the south. It covered the itrand monntnla of Tancitata, 
for tlie bret sands and ashes were in this direction and raat the first cold shadow 
of the volcano over this area. From this hour the warming rays of the sun. that 
warmefl the mounutlns and the green fleldSp so beautiful, ceasedp nnd the green 
leaves of the trees nnd smaller plants that nourished the cattle died from 
the ashes Ibat now began to api>anr. How strange nnd rare to oee the clouds 
form^ the finst clouds of the volcano I Only a short time bofore the sky was blflOi 
for the dry season Imd already begum So^ UieD, we passed the first night, con- 
tenaphtllng and admiring this new event 

On the followltig dny, Bunday the 21st the dense vapors ceased. When the 
vapors dhulnlshcfl the noise Increased and at 2 In the afternoon thoy were very 
strong With each blj^t wbito vapors sccompunled by blue furoea arose; the 
Tcpora Brrl>ear^ as If one shook a white sheet in the alp.. 

After the first night It threw np Bome tongnes of fire, which were almost of 
pnre sand. On the following plght one noted tbit they were etploslons of 
bombs and that the stones yoae to a height bOO meters. They flew through 
the air to (all 30CMOO metets from the veat It is a great memory' for me to 
have Bwn, dtiring these first days, bow the first stones fell on the pJowed fields 
of Qnlcxocho, where l nsed lo watch the citUe of my grandfather. 

At 3 o'clock on the uiomlng of MoudBy, the 22a, there were earlhnuakes like 
we never had before. The earth shook Cor 1 or B minutes, with Hitervalfl of a 
few Eeconda, The people Uunglued that this was the oldmite agony of a great 
region- Who could check the great movement of on entire regEonT Only the 
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Omnipotent Qofl. In Ws gro^t powcrp with his dtrine omnipotence thought of us ; 
It wjis Hv vfYm ftaTKl ua." 

The first loTM thet the volcano save forth, to the east of the little oofiep Powed 
% meters per honrp aoconllD^ to the datB ef Sr- Oeologlat don E^eQuIcl Ordonen, 
who was seni the Comialon liupiilsoro ^ Coord[oadoni de Uexkio to observe 
this imiiortaDt novelty^ This gent Lemon, 73 years of s^e; through his studies iiud 
GipertcnCer coDTlnc.'ed ns that there was no danger to our vllloge* * and coniifided 
that the people retom to ihelr homes- Now this snioe gentleman abowed us 
the ftist hiTB dowp moving Wte dough, from which fell incandescent rocha from 
one side or another, Bncb roc^ ns we knew heforOt without loioivliiig how they 
formed- We olyo saw the molpalSf which we knew before, without an Idea of 
in origin. Without doubb tb3a answers not only how the molpnla formed, hut 
also the tillable innds and the moUhtnlns that 1 knew. We mw the Java, aft It 
carcrerl the (7r«^rt * made by the yoks^ of oiiua from i^artculln and which neede^l 
only 8 days for the sowing. Now one sees nn admirable flow of arep covering 
the last iracea of our footsteps and of the worts of jubo ttiat he made during 
the life that God permitted him. 

During tlio morning of the 21st the activity of Paritutin Volcano 
greatly increased iii intensity, casting out great quantities of incan¬ 
descent material to build up its cone. By midday its lieight was 
variously estimated at 30 to 50 metcia. The amount of ash, however, 
was relatively small and the eruptive column of les size and vigor 
than appeared some weeks later. 

Tlia 6rst lava began to flow within 2 days after the initial outburst, 
perilaps sometime during the day of the Slst, It issued as a viscous 
mass, spreading slowly over the fields of Cuiyutziro and Quitzocho. 
It moved slowly, about 5 meters per hour, forming a rugged alieet of 
tom and iumbJed lava fragments. 

LATER OROWTH 

Paricutin Volcano continued to grow with startling rapidity. On 
February 26 it had readied a height of more than 160 meters, and 
its explosive activity had increased to an awesome thunderous bom¬ 
bardment, in whicli immense quantiti(s of viscous lava were hurled 
continiiously into the air" the noise of these tremendous esplosions 
could be heard in many remote corners of Ifichoscan, and even in 
Guanajuato, 350 kilometers to the northeast. 

In late March the first lava ceased flowing and the erupdve activity 
changed to a heavy emission of ash, the eruptive column rising to a 
height of more than 20,000 feet. This ash covered the countryside 
for miles around, ruining the fields and destroying the forests. 

In time the lavas reached both Parangaricutiro and Parlcutin, en¬ 
gulfing and destroying them, and scattering their inhabitants to other 

•IW» eartbiliithf bid Itf fplHDtCT In Ihe wi. Mir AAPtllea, mil «* Bflt dliKtlV 
nlMf«^ to tfm tqI«do, 

* Thf Hcond plowlo^f la prwrfttloiL for tbe HvlnlL 
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areas. Ccladonio Gutierres wrote on February 20,1046, in ids simple 
diary o£ Uie life of die volcanoi. 

Three reams afci ni; Tniege existed craniqiillly, without aar worn lag o£ the 
vetcQDo as It exists teday. Three years ago all {uirts of this region were beauth 
fui« with fruit trees in the elilages anil In the fields, green pasturi'S, lic&utilal 
lands that demoostroted the iveutth of the region, with cattle and shecri, aad 
tlrorcs of horses that grazed In the rich fields. Now there raoiaUts for me only 
a metnury and a pride to huye kbowu It as Jt was 3 years agou 

Parfeutin Volcano has continued to grow up to the present time 
(10^6), although most of the later growth was in width mtber than 
height. The greatest height recorded in 1J>46 was 1,500 feet, 

SUMMARY 

After 0 weeks of local earth tremors and subterranean noises, which 
increased day by day in strength and frequency, on February’ 20, 
1943, about 4 p. m., a small fissure about 25 meters long opened on the 
farm Cuiyutziro, near Paifcutin village. About 4:20 p. m., a sudden 
esplo&ion opened a small vent about half u meter across at a spot 
near tlie west end of this fissure, and a small eruptive colmnn of fine 
gray ash and small bombs arose fium the orifice. This orifice in¬ 
creased in size by the collapse of its walls, reaching 3 meters in dia¬ 
meter at 6 p- m., and the eniptioii increased in volume. Within the 
throat of the vent the ash bubbled like the sand in a spring, with a 
noise like a cauldron of water boiling vigorously. An odor of sulfur 
pervaded the vicinity of tlie vent. Small mounds of fine hot ash 
half a meter high began to collect about the orifice- Between 10 p. m. 
and midnight heavy eruptions began, with thundcixms noises and the 
ejection of laigc incandescent bombs. 

During the night the cone grew slowly, reaching a height of 10 
meters by S a. m. During tlie day of the Slst, activity greatly in¬ 
creased, and the cone grew very rapidly, reaching 30 meters by mid¬ 
day. Probably the first lava flow appeared during this dav. 

Heavy activity, with thujidcrotis noises, continued, with increased 
quantities of ejected bombs, and the cone rose to a height of over 160 
meters on February 26, In late March the first lava flow ceased, and 
the eruptive activity changed to tlie heavy emission of aah, tho eruptive 
column rising to more than 20,000 feet. Uter flows spread over the 
area, eventually engulfing tlie village of Padcutin and Parun^ri- 
cutiro. 
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1, First PHOTCk^Saph of PARFCuTIr volcano, from the OOTSKtPTfi OF 
PARANSAniCuTlRO. FEBRUARY 20. 1943. 5 P, M. 
randoiHa JtlLll go Um ri|ht. 



2 . First Day. FEBHUAnr 21, ^943 

TY.^ ™«1. »> w,h. fFh,««„pb by Dr, J. TrLntl*! Tbiw Li™ J 
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PLATE 3 



1. SECOND Day, FeepyAfiv 22, 1943. 

The tnmt qyiptity of »>h|£(J bomba aQi3 the IkrC ]»in Uaw u« 4btliKtlj^ fiiLbla. £FbcHo«ni|»b hy liuJIu 

Mfinrtiw, ftau Thiw [^nna.) 



2, Third Day^ February 23. ^943- 

Tbc tit (»* 100 rartem bS|.b- (rhirtciirapb hy Ins'. Rnini^b Itsblra Raniw, ffOffi Tbiw Liwrt-j 
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PUiiTE 5 



1. SECOND MONTH. MARCH 23. 1&43. 

PiffdaiiEi Volcdiici- (pons bcat KniimlJii VJlIiuiv, Eipol oJ t!* fLrai t&va HciPi" to illflCimw-- [I'hijl-tt- 

irafi^ Tiy W'. r. Fiwhit?-! 



2, THIRO MONTH- APRIL A, 1^43. 

E'^ruliD Vutenou Irom tli^ nrjfilyrtrii. V^Jranie psli to tlv- fp^ruisod^ In™ tkiw In ihc mld^lte jfpplld- 

CrJirtEtii£rn|j4i hy HiKdp EEK-tinw.) 
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t. SIXTH MOMTH- AUGUST 1, 1943. 2 . SIXTH MONTH. AUGUST ^ 1943. 

iTi-iiHndoiuvAEiliMlunf Qf vLwhus luvBi fTDEi] tb^ eraEtr. (r]iaLafTB»1^ l>v Ngftb vIJf gf cuia: ctu^hx!] hjui hy ^ lava bvu-.. d'l^ipEDRi'aptv b>' IX'. 
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Plate a 



1, SESINMING op The PARANGARSCUTIRO L>VA FLOWk At th£ SaSE of The CONE^ 

JANUARY 8. 1944. 
t pih3[tT^]^h hy \\\ F. Fo^lioiCr) 



2. Paransarkcutiro I_ava Flow approach i no the Church of parangaRI- 

ouTiRo, July 7, 1944. 

tPhotoitTipti hy W, K. Fwliflifj 
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Plate 5! 



1. Front of the zapicho i_ava Flow, march 23r 1944. 

{l■bDE4«rA|lll hy VV. F. 



2j iNTEPioH OF Crater. januarV 23. 

(PhoPoKfASiti hy Vi\ F. 
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PLATE 10 



1, LA¥A- A.W A^H-COV^I^ED J_ANOSCAPE. NORTH AND WEST OF THE CONE. 

MARCH 3k 194^. 

1 b^- \\\ r. FuKh^.l 



g. RAIN^UT ARROVO IH ASM NEAR PARfcUTIN VILLAGE. AUcjuST l6, 1944. 

i t'liiiircifTiftiph b> \v, F rHMki4^,i 








THE NATURAL HISTORY OF WHALEBONE WHALES ‘ 


llY N. A, MACSiznoflH 


[Willi 2 vlmtaj 

I. IJSTBODUCTION 

The whalebone whales (which include all the large species escept 
the spenn whale) generally resort to parts of the open ocean which are 
remote from human settlements and ehipping routes, and they are 
Tiaible at the surface for perhaps a twentieth of the time they spend 
submerged, TJiey are thus not easily accessible for biological inresti- 
gationa, and their itimmense bulk, sometime escoeding 100 tons, 
makes dissection almost im]>ossibIe without the aid of mnehinery. 
The best means of access is provided by tlie whaling industry, and 
most research on whales bos made direct or indirect use of the op¬ 
portunities it provides. In modern wliaiing factories the earcnsscs can 
be examined in large numbers, for they are hauled out of the water 
and quickly dismembered; much information is to be had from the 
statistics of catclies; and the numbers caught are sullicient to make 
the marking of whales a profitable method of rcscanoh. At the same 
time more independent observationa are also needed, for the hunting 
of whales is affected by geographical and economic factors, weather 
conditions, the selection of certain species, etc., and the catches in con¬ 
sequence are not strictly representative of the stock. Thus separate 
observations from ships not engaged in whaling (and perhaps in the 
future from the air) constitute an important means of studying the 
distribution, numbers, and habits of whales. 

Modcj'n whaling, with the harpoon gun and the steam catcher, has 
expanded greatly in the twentieth century. It has provided not only 
the facilities but also the stimulus for research, for hunting on a large 
scale calls for regulation based on a knowledge of the distribution and 
migrations of the species, the reproductive capaeity of the stock and 
the nature of the populations of whal^ in different regions, It is 
with these subjects that the present article is principally concerned; 

tj pcnalfliEoe tnm BcTlrwt^ yoL 21+ Net. % 12413. 
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that is to say, with whales from thecolloctiTs ratlier than the individual 
point of view. 

The different sources of information and methods of research on 
these aspects of the biology of whales can be conveniently indicated 
by the following brief classification of the relevant literature. 

From time to time men engaged in the whaling industry have 
written of the natural history of whales. In the literature l^ed on 
the old*timc industry it is often difficult to sift accurate observations 
from exaggerated statements and misconceptions;, but Scoresby's “An 
Account of the Arctic Bcg^ons” (1820) contains observations of real 
value, and further useful infoimation from first-hand experience of 
whaling is given, among others, by Scammon (1874), Elsting (1912) 
and Ingebrigsten (19^). Besearch bos also been carried out by the 
coordination of data at second baud from various sources, and such 
Vp'ork is often of greater scientific value than the statements of ivhalere 
which are sometimes difficult to check. An important exampie is 
Fsricht and Beinliardt^s monograph on tlie Greenland right whale 
(1861) which is stai one of the best sources of information on this 
specie^ Kellogg’s summary (1929) of all availablfi information on 
the migrations of whales is of special value, and contains an exhaus¬ 
tive li^ of references. Some papers by Harmcr, Hj ort, and others m ay 
also be included in this category. 

Since the development of modem whaling, individual biologists 
have sometimes made visits to ^ore stations and examined a limited 
number of whales. Observations were made on sizes, estemsl char¬ 
acters, food, breeding, etc., and papers were published in which the 
results of these observations were generally combined with informa¬ 
tion obtained locally from the whalers, and with data from other 
sources and previous publications. Gublberg (1386) appears to have 
been the first to study the breeding cycle from dated foetal lengths. 
Cocks, Collett, and Haldane published a number of papers which need 
not referr^ to here in full, True (1904) gare an exhaustive ac¬ 
count of the characters of die principal species, and die iater work of 
Allen, Andrews Barrctt-Hamilton, Burfield, Hamilton, Hinton, 
H]ort and Rllud, Lillie, and Olsen will Iw referred to below. 

Some important recent i^earch is based on the publislied sUtistics 
of the catches of dm whaling industry and additional unpublished 

w HJort, Lie and 

Build (1932^) and Ber^i^n, Lie, and Ruud (1939,1941) analyzed 

year to year, with special reference 

whaling on the stock. Townsend 
(1035) drew up a senre of charts based ou the log books of the old 
American whal^ilis and showing the positions of capture of thou- 
^nds of right, humpback, and sperm whales? and on a similar basis 
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Hausen (1036) charted the captures of the modem pelagic fleet in 
the Southern Ocean. Histing (1026) studied the leuglhs of whales 
and their foetuses in relation to their distribution and breeding, and 
D’Arcy Thompson (1018,1010, 1926), Banner (1023, 1931), Kemp 
olid Bennett (1032), Ottestad (1008), and others have also published 
papers based on statistics of the industiy. 

Ilircct observations on whales on a large scale and partly by new 
metliodshave been carried out by tiie Discovery Committee since 1925. 
These include principally the detailed G.vatnmation of some thousands 
of whales at whaling stations and on factory ^jps, mainly for the 
investigation of brewing, growth, and age; the marking of whales 
at sea whereby direct evidence of their migrations and distribution 
is obtained; and a long-term program of oceanographic research cor- 
ried out partly for the study of the whales’ environment in the South¬ 
ern Ocean. Creneral accounts of the results of work at wlialing sta¬ 
tions were given by Mackintosh and Wheeler (1920) and Matthews 
(1937, 1036b), and some more specialized aspects are dealt with in 
various papers by Wlioeler, Ommanney, and Laurie. A paper de¬ 
scribing the principal results of whale marking has been published 
by Rajner (1010), and a more general report concerned largely with 
distribution and the stocks of whales by myself (1942), 

Of the investigations which are not dependent on the whaling iH' 
dustry, direct observations at sea have been used in soma of the 
Discovery Beports, and other expeditions have resulted in papers on 
habits of whales, among which those of Rncovitza (1903), LlUio 
(1015), and Bruce (1015) may be mentioned. Stranded whales and 
museum specimena are mainly of sj'stematic and anatomical interest, 
but records of rtnmlJngs (e. g., Ilarmer, 1937; Fraser, 1934) throw 
some liglit on distribution. 

Tiie principal modern metliods of investigating the natural history 
of iivhales are (o) anatomical examination in whaling factories, (5) 
independent observations at sea, (c) the marking of whales, and 
(d) analysis of the statistics of the industry. Whale marking is 
perhaps the soundest method of investigating some of the problems 
which arise. The method is to fire a numbered dart which lodges in 
the blubber of the living whale, and a reward is oflered for Urn return 
of the mark with appropriate particulars. Such marks have been 
recovered up to about 2,500 miles from the position of marking and up 
to 10 years from the time of marking. Some of the evidence obtained 
through the catches of w'’ha1es (under (o) and (d) above) must be 
applied with caution to tlie populations in general, but it can often 
be checked by marking and independent observations. TThale mark¬ 
ing not only provides information on distribution and migratiotis. 
Recoveries of long-term marks can be used os a check on estimates of 
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the growth rate and ages o£ whales, and dncei thcia are now soine 
5,000 marked whales at large in the Soutliem Ocean, it is expected that 
new evidence in tUb connection will be obtained in the future. 

II. DISTEIBUTION AND MIGKATIONS OF THE SEU.UiATE SPECIES 

Tlie Mystacooeti, or whalebone whales, include the following 
species;* 

Baiaexumi; wbiiles): 

Balaena mifificctus XJjLQDeiis;, Gr0Di]!an{3 rEgifat 

Etiltihiena fftncialis E. Det- 

zdduUqi^ etc. Black rl^bt whales, 

marginala Gmj, PifitJiy right whale. 

BAEJLCXOrtmiD.vr {rorquals^ etc,): 

M^^aptera fin^aia (Bcanaterre) (=Jf. notacanffUc^ (Bomwdcl)). Hamp- 
back whale, 

tttn^fKt (LlnELaeoa^, Blue whale. 

B. (Llimaatia), Fin whole, 

B, hoTcaSis Scl whale, 

B. hr^dH Olaen. Bryde's whale. 

B. c€mt0r<}ttTuia Lac^p^dc; Leader rorqual iir ndnke, 

lUcHiApTEemiAE: 

iSachEoacc/eA giaucv^ Oope. Gray whalew 

ThcEe whales are primarily Inliabitanta of the colder I'egioDS) and 
although most of the species Tisit temperate and even tropical waters^ 
the largest numbers are seen in compamtiv^dj high latitudes^ All 
the species., st> far as is known^ imdertoke more or less extensive 
seasonal migrations (though some species travel considerably greater 
distances tlian others), and thus an account of their distribution must 
include an account of their migrations. In winter the majority move 
into relatively warm waters, and this is the season in which breeding 
for the most part takes place. In summer the main herds move into 
colder watera where planktonic crustaceans cifer an abundant food 
supply. In those species, whose feeding habits have been adequately 
investigated, it is found that very little food is taken in the warm 
waters in winter, and the migrutions are tlnis linked with an alter¬ 
nation of feeding and breeding which ia a specially important aspect 
of the general biology of whales. 

Although a few whalebone wlia^es (usually humpbacks) occasion-^ 
ally migrate as far us the £k|uator, there can be very little interchange 
of stock betw ten the two hemispheres, and they mav be regarded ua 
^parat(d by the equatorial regions into a northern and a southern 
population- The bluC] fin, sei, lesser rorqual, and humpback whales of 
the Northern Hemisphei'e are regarded os the some species os their 

“ “• 
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coiinterparta in the soutlu The black right whales of the north and. 
south are generally referred to as distinct species, but it is doubtful 
whether ihero b good reason for this except iDsof&r as their habitats 
are separated by n wider equatorial belt than that separating the other 
species* Tlie Greenland right and gray whales aro confined to the 
Jfortliera Hemisphere, and the pigmy right is known only in the 
Southern Hemisphere. Bryde% whale is said to inhabit both hemi¬ 
spheres* 

Modern whaling takes place mostly in the Southern Hcinbphere» 
and for this iieason more b know n of the Eoiithera than of the northern 
whales* This appliea particularly to their distribution. They are 
principally inliabitants of the open ocean, and lienee the catches of 
pelagic factories are much more representaliTO of the mam stocks 
of whales than those of $hore-based stations. In tUo north we have 
little to go on except tlie data from shore ^ationf}, though Townsend 
(1935) gives some information on the pelagic cukhes of old whaling 
aliipf^j mainly m the North Pacific and Soutliern Oceans. Tlie modem 
whaling fleet, on the other hand, ranges over most of the Southern 
Ocean, and here also the marking of whales undcrtaketi by the Dis- 
wvery Committee hag provided direct evidence on distribution and 
migrations. In winter, however, there is little to rely on but the 
catches of temperate and tropical shore stations. 

Cl) Bdlacaa 

The Greenland right whale, w^hich grows to a length of almit GO 
feet, is most readily distinguiEhed by the huge head, which b about a 
third of the total length* In the great enlargement of the mouth, the 
elongation of the whalebone plates and modiScations of the skuU, 
this species shows a higher degree of specialization than any other 
whalebone whale. It b also peculiar in having a very restricted range 
of distribution* No direct investigations on tins species Uuve been 
made in recent years, for although it was formerly abundant in the 
Arctic it had been hunted almost to extinction by the end of the 
nineteenth century. The principal authorities are Scoresby (1820) 
and Esricht and Reinhardt (1861), but earlier work has bmi Eum- 
marized in more recent publications* Snutliwell (iSftB) gives useful 
information on its distribution and movements in North Atlantic^ 
and Townsend (1935) throws new light on its distribution in the 
North Pacific. Harmer (IDSS) describes the Greenland right whalo 
as **more polar in its ooeurenca than any other of the great whales**’ 
It was found in large numbers around the coasts and hays of Spit3S- 
bergen and Jan Mayen, in the Davis Strait, Baffin Bay, and {prob¬ 
ably to a leas extent) in Hudson Bay. Townsend’s chart ^owa that 
It was hunted in the North Pacific in summer mainly m the Sea of 
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Okhotsk, th 0 nortbem part of the Bering Sea, and in the Arctic Ocean 
north of tha Bering Strait and along the northern coast of Alaska 
and Canada. According to Hariner it appears never to go far from 
the edge of the northern ice^ nor to undertake extensive migmtions 
into warmer water during its breeding period. Esricht and Rein¬ 
hardt consideml it to be a migratory animal insofar as it shows a very 
regular seasonal movement to the north or south as the ioe advances 
or retreats, and Townsend points out that it may actually move farther 
sotith than the records of catches BUggest, for the species was not 
hunted in winter (at least in the North Pacific). In the North Atlantic 
it may occasionally have penetrated as far south as Newfoundland, 
but it does not occur off the north of Norway or any part of the wist 
European seaboard. 

It seems possible that this interesting species will slowly increase 
in numbers again. Tlie International Whaling Statistics (1030,1931) 
record that at SpiUbergen a specimen was taken in 1911, and that 
in the northeast Pacific 2 were taken in 1023 and 25 in 1024. Accord¬ 
ing to Clarke (1944) it is increasing m the Beaufort Sea (Canadian 
Arctic) and schools are occasionally reported. 

(2) Eu^alaejia E. aiutrati*^ ett 

Fraser (1037) uses the term “black right wbalo^^ to include the 
North Atlantic right {E* fflaciisdis or crisis) ^ the southern 

(A", (iustralis^ etc.) and the North Pacific right {E* 
etc.), and it will be convenient to use the same term here* 

Like the Greenland right, these whales grow to a length of not more 
than about 60 feet, but they are distinguished by a smaller head, and 
the whalebone is shorter though of a similar fine texture. They have 
been hunted from the earliest times, and although they have not been 
redueed to quite such a snmli remnant as the Greenland whale, they 
are now protected by international agreement and thus have not Iseen 
available for research in recent years. Becords of tlieic distribu¬ 
tion, however, have been summarized in some recent publications, and 
the following notes are drawn principally from J. A. Allen (1908), 
G.M, Allen (1016), Collett (10O9),HarmeT (1928),Townsend (1935), 
and the International WIraling Statistics. 

The black right whales are prim aril j inhabitants of a comparatively 
restricted ssone in temperate or cold temperate waters, but the latitudes 
and seasons in which they were caught show a movement toward the 
Poles in summer and toward the Equator in winter. The North At¬ 
lantic right was formerly taken in winter off the Basque coast, and 
in summer it appeal^ in the records of northwest European stations 
as far north as the north of Norway* On the American side it is 
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recorded from New Etigl&nd (in winter) and Newfoundland, The 
North Pacific right was taken in summer mainly between 40® and GO® 
N* In winter it was occasional I j taken faxtber souths but rarely 
south of 30® N, The old whaling grounds on which the southern 
right was hunted occupy a well-de^ed zone principally between 30® 
and 50® but again it was taken in small quantities in winter as far 
north as 20® S. (off the South African and west American coasts). 
On rare occasions tliis species^ before it was protected^ haa been taken 
by the modem industry^ as far south aa the South Shetland Islands 
(beyond 60^ S.)i but it ia doubtful whether it was ever so plentiful 
in tho Autoixjtic as in temperate regions^ even before it was depleted 
by the old whalers* 

Thus the northern and southern black right whales are separated 
by a wide tropical belt^ and do not normally peucIrate into the coldest 
waters. It mUist be supposed Uiat the North Atlantic, North Pacificj 
and southern right whales live in three isolated communities, though 
the possibility' that occasional stragglers move from one to the other 
should not be finally excluded, 

(3) tnar^rfuaia 

There is little to be said here of the pigmy right whale, for although 
some stranded specimens have been examined and doiicribed^ pmcti- 
cully nothing is kno^rn of its distribution. It hoe Uie long^ fine whale¬ 
bone of all the right whales, but eitemnUy it differs from the others 
in its size (not inucji exceeding 20 feet) and in the possession of a 
dorsal fin* So far as b known this species is confined to the SouUiertL 
Hemisphere, and Js recorded only from Australia, New Zealand, South 
Africa, and South America (Kringuey, 1921 j Olivet^ 1922; Hale, 
1931). 

( 4 > Meffapteta nodom 

It will be oonvenient to cojisider tliis species before any of ilie other 
Bftlacnopteridae bccaoso its migrations and distribution nro better 
understood than those of aiiy other whale, at least in the Southern 
Ocean* This is largely because it resorts to coastal waters in winter 
where direct observations can be madCi The humpback does not ex¬ 
ceed about 50 feet in length, but its girtli is relatively greater tlian 
in any of the species of Balaenopt^i^ It is readily distinguidicd by 
tlie stout body and long flippers. This is one of the more abundant 
species, and it has figured prominently in the catches of the whaling 
industry. 

Several authors (Histing, 1912 j Collett, 1912; Lillie^ 1915; Ingobrig- 
sten, 1929; Ommanney, 1933; and Dakin, 1934) state that the soutJi- 
em humpbacks migrate up the coasts of South Africa, Australia, and 
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Jfew ZealEmd in autujnn, and return southward toward the Antarctic; 
in spring^ and Harmer (1931) and Irfatthews (193T) show that the 
monthly catches olf Angola and Durban reach ft peak first in July 
and tlien again in September or October^ whereas at the French Congo 
theiti is ft single peat about July and August. These facts accord 
with the statcanent that the humpbacks moiSt-ly pass the subtropical 
coasts in tbe earlier part of the season^ and that after some of them 
bftve penetrated as far north as the Equator^ they return past Uie sub¬ 
tropical coasts toward the end of the seasom From the authors 
mentioned above, and from Kellogg (1929) and the International Sta¬ 
tist ics, we find that humjsbacks himted mainly in tropical latitudes 
on both sides of each of the southern continents in winter, and in the 
open ocean in tha Antarctic in eummer. Conclusive evidence that a 
long-range migration takes place ia provided by whale marking, for 
a number of marks fired into humpbacks of! the pack ice m high lati¬ 
tudes have been recovered by whalers off the northwest coast of Aus¬ 
tralia, and some also off Madagascar Eayner, 1040). It is prob¬ 
able that the majority of humpbacks undertake tills migration annu¬ 
ally, but it docs not follow that all of them penetrate far into the 
Tropicsj and indeed some appear to remain in the Antarctic, for some 
rare examples have been taken in Antarctic waters at a time when 
whaling was continued on a amnl] scale through the winter at South 
Georgia (Histing, 1928). 

The marking of whalebone whales in the south has shown that after 
they have migrated northward they usually return to the some part 
of the Antarctic in the following summer. This applies especially to 
humpbacks^ Hfort, Lie, and Huud have published data on the re¬ 
gional distribution of the Aritarctic cfttdies of the pelagic whaling 
fleet. An analysis of their figures (1938, 1930), togetlier with the 
marking records of the Discovery Committee, shows (Mackintosh, 
1942) that in Bummer in tbe Antarctic the liumpbacks are segregated 
into clearly Beparato groups in positions which seem to correspond 
with the sepamte tropical coastal resorts iu winter, Eecoveries of 
whale marks demonstrate that an Antarctic group lying southw'Csit 
of Australia In summer contains the same whales as appear off the 
west Australian coast in winter, and a connection has been estab¬ 
lished between a group south of South Africa and the humpbacks 
caught in w inter off Madagascar. It thus seemg highly probable that 
each of the Antarctic summer groups has its own migration route to 
the ccaatal waters of a continent lying approximately to tbe north of 
it (sec fig. 1). It is to be supposed therefore tliut the soiithem stocks 
of humpbflcka are divided into several communities which are for the 
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most part separated at both ends of their roigration routes^ and be¬ 
tween which there cnnnot be 'rery much interchaiige« 

The iafornuition given by Hariner (1928)) Townsend (10S5)j and 
the Inteniational Statistics shows that in the Northern Hemisphere 
humpbacks hare been found from the Cape Verde Islands to Spits¬ 
bergen, from tlio West Indies to BafTiii Bay, from Mexico to the Bering 
Sea, and from the Mariana Islands (15*-20* S\) to Kamchatka, 
Again they were hunted in tropical waters in winter and in high lati¬ 
tudes in siunmeT) and this and the eTidence assembled by Kellogg 
leave little doubt that their migrations here arc similar to tho^ in 
the Southern Hemlsplierc* It is notewortliy, however, that in the 
noriJi the oceans arc rdatively restricted in high latitudes, so that the 
East and West Atlantic stocks and the East and West Pacific stocks 
may mingle when they migrate poleward in summer. It may be, how- 
ever, that the populations of the North Atlantic and North Pacific 
form two entirely separate communities. 

The blue whale is the largest of all species, reaching a maxiinum 
length of npprojtimately IQO feet, and although not so numerous os 
the whale it is the most valuable to the modem whaling industry* 
The “blue whole oquivalent,” wliich compares the average production 
of oil from different species, is taken as 1 blue—2 fin=2^ 
back=8 sei* The various species of Bal^enoptem are very similar in 
form, and are difficult to distinguish from one another in the water 
except by the shape of the dorsal fin. Out of the water, however, they 
are readily distiuguiahed by the pigmentation, the blue whole having 
a mottled bluish-gruy skin with white flecks over part of the ventral 
surface. 

The blue whale is a widely distributed species* The eanic may 
said of the fin whale, and since the distribution of the latter species 
is very similar to that of the blue, it will be referred to from time to 
time in this- section. Blue and fin whales are more strictly oceanic 
specie^ than humpbacks, for they are not concentrated in coastal waters 
at any time of year. In the Southern Hemisphere they occupy in 
Bununcr a circumpolar ;^ne in i^ntarctic waters (well shown in Han* 
scrips Atlas, 1938) which, for at least a large part of the season, m 
continuouH in the Atlantic, Indian Ocean, and Australian sectors, and 
almost certainly continuous also in the Pacific sector. There is some 
tendency, however, to concentration in certain regions^ HJort, Lie, 
and Ruud (1932^8) have shown that the yearly distribution of the 
wlialing fleet indicates a tendency for the blue and fin Avhalra to be 
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grouped into four principal Rttjas. These (ire indicated in 0guro 1, 
and numbered H-V, The tendency is confirmed by the independent 
marking records and other observations of the DUcovery Committee's 
ships. It is in each of these areas that w'O find one of the concen- 
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trations of humpbacks (a species which is not taken in sufficient num¬ 
bers itself to determine the distribution of the factory ships) , but 
whereas the Iiumpbacks arc separated into almost completely isolated 
groups, the blue and fin whales are found in all longitudes, and the 
grouping is represented only by rather larger numbers. It appears, 
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howovef, that the groupuig becomes more distinct toward the end 
of the summer, Kayner (1&40) has shown also, thtoiigli tlie recovery 
of whale marks, tliat there is some interchange of blue and fin whales 
between one group and another. 

In winter a few blue whales (mostly small and immature) are taken 
off the West ,A.frican coast as far north as tli© Congo, in the Indian 
Ocean up to Madagascar and northwest Australia, and off the west 
coast of South America as far north os Peru and Ecuador, but it is 
evident that tlicse shore stations do not tap the main stock, and it is 
no doubt for that tcaaon that no blue whale marked in the Antarctic 
has been captured in the warm latitudes in winter. The assumption 
that they migrate into warmer waters In winter is based on analogy 
with other species such as tJie humpback; on the fact that they are 
not hunted in wann waters in summer o^r cold waters in winter; on 
changes In tlie local composition of the catches (see Harmer (19S1), 
Mackintosh (1042) and others); on variations in fatness which sug' 
gest movements to and away from the rich feeding grounds in cold 
waters (Mackintosli and AVheeler, 1929); and on the incidence of 
parasites and scars which are believed to be contracted only in cold 
or in warm waters (Hjort, 1920; Bennett, 1920; Harmer, 1931; Hart, 
1935; etc,). The evidence is all circumstantial, but taken as a whole 
it leaves little doubt that there is at least a general tendency to move 
toward the Equator in winter, and the Poles in summer. 

It is unlikely tliat the main stocks of blue and ffn whales move in 
u body into tropical waters, for no large numbers of them are recorder! 
os having been seen there. In summer the majority seem to be concen- 
tmted in high latitudes in a comparatively restricted sone, but in win¬ 
ter it is possible that they are dispersed over an area more than 10 times 
as great, and extending from the ice edge perhaps to subtropical re¬ 
gions, If winter concentrations are formed tiiey must presTJtmably 
keep south of the principal shipping routes. 

In the Northern Hemisphere blue whales are recorded from Spitz- 
bergen to the Bay of Biscay, from west Greenland to New Ei^gland, 
and from Alaska to south California and Japan and Korea (Harmer, 
192S| G. M. Allen, 1916; Hjort and Ruud, 1929; etc.). The evidence 
for their migrations is similar to that in the south, Kellogg (1929) 
shows that a seasonal migration is conlimicd by the statistics of 
catches, and the matter is further discussed by most authors who have 
visited northern stations or analysed the statistics of catches (sue 
abo>'o under Introduction). Little, however, is known of the detailed 
movements of tlie northern blue whales. Collett (1912) suggests that 
in the North Atlantic they spend the winter in the open ocean between 
the North American coast and the Azores, and move up into Arctic 
latitudes between Europe and Greenland in summer, 
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Balatiwptera phynava 

The fin whale is second in size to the blue, tlw maximum length being 
about 85 feet, though specimens over 80 feet are rare. It is by far 
the most abundant of the largo whales, and it is the species on which 
the modern whaling industry mainly depends. It is distinguished by 
the coloring which is a plain bluish grey on the back and fianks and 
white on the ventral surface. The coloring is asymmetrical, the dorsal 
pigment apparently invariably extending farther down on the left 
than on tJ>e right flank. 

The above description of the distribution of blue whales applies in 
almost every particular to fin whales, but some minor diflerences are 
as follows. In the catches of the tropical land stations fin whales are 
generally even scarcer than blue whales, and it seems likely that they 
do not normally penetrate so far into tropical waters in winter as 
the latter species, In summer they tend to keep n little farther than 
blue whales from the coldest water at the edge of the pack ice. It 
would appear, therefore, that the range of the fin whalo migration is 
rather leas than that of the blue whale, though we cannot be certain 
of this. In the Antarctic in summer they are found in ali longitudes 
and they show a slight tendency (rather less definite than In blue 
whales) to concentrate in tlie areas distinguished by Hprt, Lie and 
Ruud. The evidence of migration is similar and perhaps a little 
firmer. There is one record of a fin whale caught off the African coast 
which had been marked in the Antaretic, Otlier marking recorde 
show that fin whales usually, but not always, return to the same part 
of the Antarctic after tlie winter migration. It seems that fin whales 
mostly arrive in Antarctic waters later in the summer than blue 
whales, for in the catches of the whaling fleet the proportion of fin 
whales is small in spring (October-Dccember) but rises sharply about 
the end of December. 

(T) jEalacmoiiteTV AoreaKt 

The sei wbale is smaller than the fin, with a mesimnm length of 
about 60 feet. The pigmentation is not dissimilar, but the whitish 
area on the ventral surface is less extensive. The whalebone plat^ 
are short a? in otlier rorquals, but resemble those of the right whales 
in the fine texture of the plates and bristles. 

Tills species inhabits warmer waters than blue and fin whales, and 
tliere seems little doubt that it undertakes seasonal migrations 
(Matthews, lD38b; Kellogg, 1029; Andrews, 1916 5 and others). but be¬ 
yond tills not very much is known for certain. It is scarce in the Ant¬ 
arctic except at South Georgia where the water is relatively warm. 
Here it sometimes appears in substantial nnuibers in late summer, 
Sftitthews points out that large catches of sei whales may sometimes 
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result frtim & scarcity of other species, but concludes that in fact its 
occurrence in tl^e catches at South Georgia Is representative of its 
actual occurrence in the sea, and that it arrives at a time when the 
sea temperature is at its highest. It is coounonly taken off temperate 
and tropical African coasts in winter, whei'e it is probably a little more 
numerous than blue and fin wlmles. It also figures in the catches 
off the west coast of South America and is known in Australasian 
waters. 

In the Xorth Atlantic as in the south it seems to avoid the coldest 
water, for it does not appear to be recorded from Spitzberi^n. It is 
commonly taken from the north of Xorway to Spain, and off New* 
foundland and New England. D’Arcy Thoiupson’^s cliarts of Scottish 
catches (1918, 1919) indicate that whereas blue and fin whales are 
mostly taken outside the 100-fathom line, sei whaks ore found both 
in the shallow water over the continental shelf and in the deep water 
beyond it. However, Harmer (1927) and Fraser (1934) show that 
there are comparatively few records of eel whales being stranded on 
the British coasts. In the North Pacific it is recorded from Alaska to 
Mesico and Japan, 

In sotne years exceptionally large catches of sei whales have been 
made in European waters. These may be partly due to scarcity of 
other whales, but they are probably examples of the irregular move¬ 
ments of this species. 

(8) /tetaciiPDtera 

Bryde’^s whale is very similar to the sei whale. Olsen (1913) de¬ 
scribed certain external differences, not all of which were accepted 
by Andrews (1919), A further publication by Olsen (1920) refers 
to differences in the baleen, flipper, ventral grooves, etc., and Loim- 
berg (1931) notes some distinctions in the slieleiton. It seems prob¬ 
able Umt the two species are distinct, but the question should not 
perhaps be regarded as finally settled yet. 

Alt that can be said of the distribution of this whale is that it is 
frequently listed in. the catches of South African stations and rarely 
elsewhere. It has been recorded from the West Indies, Lower Qili- 
fornia, and Norway, but Harmer (1928) conaiders that its identifica¬ 
tion, at least at the two latter localities, is open to doubt, 

(9) fialvcnciireni avutoroainto 

Except for the pigmy right whale, the lesser rorqual, or minke, is 
the smallest of tlie whalebone whales, and seldom exceeds 30 feet in 
length. Apart from its sixe it is easily distlnguidied by a whiti^ 
band across the oviter aurfnea of the flipper. 

This is a widely distributed species but scarcely large enough to 
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be worth hunting, and little b really known of its dbtribution. In 
the North Atlantic it is found as far nortli as Spitzbcrgen, and as 
far south as Spain in the east, and the latitude of New York in the 
west, A similar whale occurs in the North Pacific (G. Allen, 1916). 
It appears to be a shore-frequenting species, for it is abundant off the 
coasts of Norway. In the Antarctic Lillie (191S) notes that it is 
fi^quently found south of 65° S. Here it is often seen close to laud, 
but it is also seen in open leads in the pack, or near the ice edge, 
sometimes in large numbers and far from land. It appears that at 
least in the Southern Ocean it frequents colder water than any other 
species. There is little informatiou about its seasonal movements, but 
according to Fraser (193T) its occurrence suggests that such moTe- 
ments do take place. 

{10) glauau 

The maximum size of tlie gray whale probably approaches 50 feet. 
It lias a number of features, such as tire shape of the bead and dippers, 
which are intermediate between the right whales and the rorquals. 
It inhabits coastal waters, at least in temperate and tropical latitudes, 
and living specimens have been recorded only in the North Pacific. 
Recently, however, skeletons of this species have been found in the 
iSuyder Zee ^Deinse and Juiige, 1937). 

Thb is another species which bos been severely depleted by hmiting, 
but although few investigations have been possible in recent years, its 
migrations are, by all accounts, more regular than those of any other 
species, and tlie migration route is apparently confined to a narrow 
Coastal strip, at least on the west coast of North America. The prin¬ 
cipal accounts of its distribution and migrations are those of Scantmon 
(1874), Andrews (1914), and Rbting (1928). In summer the gray 
wlmJes are said to congregate in the Arctic Ocean, Bering Sea, and 
Sea of Okhotsk, and some at least penetrate into loose pack ice. In 
winter they migrate southward, appearing off the coasts of Oi-egoa 
and Upper Oalifotma in October and Xoveiuber, and later assembling 
for the breeding season in the lagoons of lower California. In spring 
they move northward again, and according to Kellogg, “by April 
tho gray whales have passed Monterey on their northward run.” 
Similarly, they appear off Korea about the end of November on their 
way south. According to Andrews tlioy reappear “traveling north, 
about the middlo of March, and by die 16th of May they have all 
passed by,” 

Although these descriptions are based on a comparatively small 
body of data there is no reason to doubt that they are correct, for the 
limited distribution of this species makes it relatively easy to* observe 
its movements. 
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III. FOOD 

The food of ti'hales is an important subject, since it has a close 
bearing on their distribution, and is of interest in relation to the gen¬ 
eral economy of the oceanic fauna. Some of the larger species of 
planktonic Crustacea, known collectively os “krill,” constitute the 
principal food of tlie wlialebone whales, and it is well known that the 
bal^n (or whalebone) plates, of which the inner edges are frayed out 
into soft bristles, form an efficient straining mechanism for taking 
adequate quantities of such organisms. 

It is well established that blue, fin, and humpback whales in the 
Antarctic feed heavily, and virtually exclusively, on the oceanic 
prawn, Eufhausia supefha (Mackintosh, 1943). This organism is 
confined to Antarctic waters (John, 1933) and often forms extensive 
shoals at or near the surface, mainly where the sea temperature is less 
tlian 3** C> E* svperha holds a key position in the chain of nourish- 
tnent of the Antarctic fauna, for it provides food not only for whales 
but also for certain fish, seals, and birds. The majority of whales 
taken in the summer whaling season in the Antarctic are found to have 
plenty of krill in their stomachs, but those taken in winter at stations 
in wanner waters in the Southern Hemisphere are found to have eaten 
little or no food. It is true that these winter catches are not properly 
representative of tlis main stock, but there is Uttle doubt that the 
majority of whales have little to eat in winter, for at the beginning 
of the Antarctic whaling season the blubber is relatively thin (Mack¬ 
intosh and Wheeler, 1929), and as the summer advances they become 
fatter and the yield of oil steadily incresses (Hjort, Lie and Knud, 
1938). It is generally assumed that the oil stored in the blubber, 
bones, and muscles acts os a rcsen’6 of nourishment for the winter 
(Hjort, 1D33), and this may be supplemented by small quantities of 
Crustacea of various species, and occasionally fish, Sei, hiunpback, 
and right whales are known to feed sometimes in certain temperate 
coastal regions of the Southern Hemisphere, on shoals of the “lobster 
krill” which is the pelagic postlarval (or grimothea) stage of the 
anomuran, Slwitda gregaria (Matthews, 1932; Bayner, 193S), but this 
is at the best aminorsourceof nourishment. The staple sum mer diet 
of the southern right and sei whales when they are in sub-Ant arctic 
or temperate waters is not known, but it seems tliat they also feed on 
Evphau»ia sitpei^a whenever they move so far south as the habitat 
of this species (Matthews, i938a, h). 

Tliere is much less certainty about the staple food of whales in the 
Xorthem Hemisphere. In order to determine the principal food of 
any species we need net only to identify the organisms found in its 
stomach from time to time, but also to know whether they are pre^nt 
in large quantities and in a majority of whales, and at what times of 
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year, Tlie food of the northern whales has been referred to in many 
publications^ but not eery many original observations are recorded, 
and those wlddi j^ve all the required information are source. InUie 
<1910), Burfield {1013), and Hamilton (1014) esiimined the stomach 
contents of blue and fin whales token in summer ofi the west of Ireland, 
and found they were feeding on the cuphausiid MeganycUphanes 
HArvegica^ ^^sometimea in immense quantities” (Hamilton), and one 
or two fin whales, but not blue whales, were feeding on herrings, Per¬ 
haps die fullest investigation was that made by Hjort and Kuud 
(1929) who found diat wholebone whales taken off west Norway fed 
on (i) herrings, (ii) M, wtu'weiftca, the “large kriU,” (iii) Thysanoessa 
inermis, the ‘^mall krill,” and. (iv) copepods, mainly CaJantts 
ehisux. They came to the conclusion that in winter (January to 
^larch) the ^ whales live on herrings and Thysanocssa iTtermis and 
in summer esclusiveiy on MeganycHphtsMa fi&rvegica^ G. M. Allen 
(1919) found large quautitieis of Thysanoeasa inermii in die stomachs 
of blue and fin whales taken off Newfoundland, but the time of year is 
notstated. Otherauthorshave summar i^ informution from various 
sources, and it seems that Migcfit-yctiphanes norvegicct forms at least 
a substantial part of the diet of blue and fin wliales in summer, that 
at ceiiain times they feed heavily also on Thysunoseaa inermh, and 
that the winter diet of fin whales includes fish (herrings, capelin, etc,). 
Blue whales do not appear bo eat fish, and it is not certain whether 
the majority of fin whales find an amount of food, in winter which is 
comparable to that available in summer. 

The humpback, according to Hjort and Ruud, feeds like the fin on 
“kriU” in summer and fish in winter. G, II. Allen (1916) believes 
that it feeds chiefly on Thysatioemt inersiis and probably Megatiyeti’ 
phones tiorvegiea and small fish. Hjort and Ruud show that the food 
of sei whales off the west coast of Norway consists of Calanoi f>ifr 
marchicus. It is interesting that Uiis whale with its finer baleen 
should eat a smaller planktonic organism, though in tlie Antarctic it 
takes the same large etiphausiids as other rorquals, and Andrews 
found that off Japan it ate and sometime sardines. In 

the North Pacific Zenkovio (1937) found blue whales feeding on 
Affffwfojccff'Sj and fin and humpback feeding partly on fish but also 
a variety of small Crustacea, some of which were bottom-water forms. 
Here it would be interesting to know the depth of water in which the 
whales were hunted. 

There is little reliable information on the food of right whales. 
G. M. Allen (1916) states that the North Atlantic right feeds on 
Tkyaanoessa mermis and Cdtmve ^ntnorchicus^ and the Greenland 
right is said to feed on CoZaniw and pteropods, but these statements 
certainly nee<l checking. The stomaclis of gray whales caught dur¬ 
ing their migrations are empty (Andrews, 1D14), but in the Arctic in 
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summer Zenkovic (19S7) found that they were feeding on bottom- 
Jiving amphipods. It is not quite cleat, however, whether these really 
form tho staple food of the main stocks of this species. 

It is evident that the food of whales in the Sforthern Hemisphere 
requires further investigation. 

IT. BREEDING, GROWTH, AOT AGB 
( 1 ) THB REFBOtJtrCTTVE ORGANS 

For the purposes of the pitise.nt article it is not necessary to give a 
description of the reproductive organs (for thb see Mackintosh and 
Wiieeler, 1929; and Onimanney, 1932), but we have to consider 
certain changes which take place in the course of the sexual cycle, 
and especially the formation and persistence of the corpora lutea of 
the ovaries. From this point of view blue and fm whales are the best 
known, and the following particulars apply equally to both these 
species except wliere otlicrwise stated. 

The time of the breeding season has not been determined by direct 
observation, but evidence is provided by the siaes of foetuses and by 
the state of the reproductive organs. In the male a seasonal change 
in the condition of the teat is has been observed. The formation of 
spermat(soa can be seen at all times of the year, but in the early 
winter tltere is a greatly increased proliferation of germ cells in the 
tubules. It is difficult to obtain adequate material from adult whales 
after the dose of the Antarctic summer whaling season, but this period 
of activity probably lasts from about April to June or July in blue and 
fin whales in the Southern Hemisphere (Mackintosh and Wheeler, 
1929), Although the size of the testis varies considerably in dififerent 
individuals there is no evidence of an increase in size at the breeding 
season such as Meek (1918) found in die porpoise. In the female 
information is obtained principally from examination of the uterus to 
determine whether a foetus is present or absent, the size and ecx of 
foetuses, the condition of the mammary glands, and the oondition of 
the ovaries, especially of tlie corpora lutea. In whales the corpus 
luteum (formed by proliferation of tissue in the Graafian follicle after 
ovulation) is a conspicuous body which may measure 10 or more 
centimeters in diameter. At the end of the period of gestation, or 
presumably much sooner if impregnation has not taken place, it 
shrinks to a smaller, tougher body which persists certainly for many 
years and probably throughout the life of the whale (see Wheeler, 
1930, and others). Tliese old corpora lutea (strictly corpora albican- 
tia) are thus cumulative. The number to be found in one pair of 
ovaries varies from 1 to over liO, and, since they give an indication of 
the number of ovulations which have taken place, they give at least 
a clue to the age of the whale. 
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Wliales become Bcxually m&ture at a length ^hlch noTmelly varies 
within rather narrow limits. Tlie average length for blue whales 
is about 74 feet in males and 77 feet in females. The corresponding 
lengths in other species, so far as they have been Investigated, are esti¬ 
mated to be os follows ^ fin, 63 and 65 feet; humpback, about 30 and 
41 feet j sei, about 44 and 47feet. This is a matter of considerable 
practical importance, since it allows an estimate to be made of the 
percentage of immature whales in statistics of catches which give only 
the species, sex, and length of each whale. 

(S) mesexuALCYCtfi 

Estimates of tlta time of pairing, the rate of linear growth of the 
foetus, and tile length of the period of gestation, depend primarily on 
measurements of the lengths of foetuses at different times of year. 
Eecords of the largest foetuses and the smallest calves indicate that 
in blue and fin whales the length at birth is rather more than 20 feet. 
The average length of foetuses iucreases rapidly from spring to au¬ 
tumn, and extrapolation of the curve of growth indicates that pairing 
and calving for the most part take place in winter and that the period 
of gestation is about a year. Tire diversity in sizes of foetuses meas¬ 
ured at any one time of year shows that pairing and calving must both 
be spread over a period of several months. This, together with the ap¬ 
parent capacity of the ovaries to produce numerous Graafian follicles 
(Wheeler, 1930), suggests a prolonged polyoestrous breeding season. 
These conclusions have been reached by various authors. The work 
of earlier investigators is summarized by Hinton (1925), and Harmer 
(1920); and Kisting (192S) obtained similar results from an analysis 
of large numbers of foetal measurements provided by various whaling 
companies. Histing calculated that in the Southern Hemisphere pair¬ 
ing mostly takes place in blue whales from June to August and in fin 
whales from June to September. From the increased activity of the 
testis, the evidence in the ovaries of ovulation about the same time of 
a little later, and the occurrence of very small foetuses, Mackintosh and 
Wheeler (1929) inferred that the height of the pairing season in 
blue and fin whales is about June and July, and estimated that gesta¬ 
tion lasts about 10 months in blue whales and perhaps slightly longer 
in fin whales. Matthews (1937,1938b) found that in humpbacks the 
season is probably a little later (August to October) and in sei whales 
about June to August. Right whales also are believed to pair in win¬ 
ter, and the period of gestation is probably not much different from 
that of the rorquals. According to Andrews (1014) and Bisting 
(1928) the female gray whales arriving off California and Korea 
from the north in autumn mostly carry foetuses whose size suggests 
imminent birth. On the northward migration young have been seen 
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following their parents and small foetuses hare been found. These 
authors conclude that birth and pairing take place on these southerly 
grounds in winter, that gestation lasts for about a year, and that im¬ 
pregnation takes place every S years. The breeding of this species, 
like its migrations, is believed to he more regular than in other species, 
but for confirmation of this it would be desirable to obtain a larger 
number of measurements of foetuses. 

TIte esact length of the period of gestation and the dates of maxi¬ 
mum breeding activity cannot be regarded as precisely established in 
any species. The important point is that in those species on which 
adequate observations have been made tltere is no doubt that breeding 
mostly takes place in the winter when the whales have moved into 
warmer waters. In summer the pregnant females move into the high 
latitudes where food is abundant, and return to warmer latitudes in 
the following winter to bring forth their calves. 

Normally one young is bom at a time, and the female is not as a 
rule reimpregnated in the same year, for parturition is followed by 
a considerable period of lactation, and instances of whales which are 
simultaneously pregnant and lactating are tare. In the Antarctic 
catches of blue and fin whales the proportions of adult females which 
are pregnant, lactating, and resting alter during the summer months, 
but these proportions on the whole suggest that a female normally 
becomes pregnant every S years and that the interval may sometimes 
extend to 3 years (Wheeler, 1930; Laurie, 1937; Mackintosh, 1942). 

fS) GROWTH ANUaOK 

In the rorquals the length at sexual maturity is, very roughly, three 
times the length at birth, and some estimates have been made of the 
tinie taken to grow to sexual maturity. Some direct evidence of rapid 
growth in fin whales is mentioned by Harmer (1920). Andrews and 
Kisting believed that the gray whale reaches maturity a year after 
birth. This seems likely enough, since foetuses as long as 17 f(»t and 
pregnant females as short as 34 feet are recorded by Bisting. The in¬ 
ference that they grow to maturity in a year is based on the occurrence 
of young whales of intermediate lengths, but it is not clear that the 
evidence is sufficient to be conclusive. Mackintosh and Wheeler (1929) 
estimated, from dated measurements of small calves and the relative 
growth rate of the baleen, that blue and fin whales are generally 
weaned about 6-7 months after birth, blue whales having by then 
grown to over 50 feet, and fin whales to 35-40 feet. This, together 
with some indications of length groups in immature whales, suggested 
that these whales become adult at an a^ of about 2 years. The calcu¬ 
lation cannot b© regarded as fully reliable, and Buud's evidence (see 
below) indicates that 3 years is the more usual period. The recovery 
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of A mark from a whale which Bnyner estimated to be about 40-45 
fecr. long at tiie time of marking, and^which measured GS feet inches 
when it a’aa killed 2^ yeai's later, sug ge sts growth to maturity in 2 
or 3 years. It is to be hoped that further eridence, perhaps from the 
marking of whales, w'ill be forthcoming in the future. 

Up to a point, length is correlated with age, for growth continues 
after sexual maturity and ends when fuU physical maturity is 
reached. This is the point at which all the epiphyses of the Tertebrae 
have become fused to the centra, a process which in whales takes place 
at a relatively early stage in tlie caudal region, and is finally completed 
among the anterior thoracics. 

Tliat the accumulations of old corpora lutea are indicative of the 
age of an adult female is shown first by the fact that whales measur¬ 
ing not much more than the average length at sexual maturity always 
have comparatively few corpora lutea, while larger whales have 
various numbers up to 50 or more, and secondly by the fact that there 
is a close correlation (in blue and fin whales) between tiie number of 
cor[)ora lutea and the attainment of physical maturity. Wheeler 
(1030) found that fin whales with less than 15 corpora lutea were 
nearly always physically immature, and those with more than 15 
nearly always mature. The corresponding number in blue whales 
according to L.mrie (1937) is 11. More recent data, not yet published, 
suggest, however, that this figure sliould be a little higher. Since 
whales appear to be polyoestrous there might be one or more ovula¬ 
tions in each breeding season, with consef^uent variations in the rsto 
of accumulation of corpora lutea. The correlation, however, between 
phpical maturity and numbers of corpora lutea suggests that there 
is in fact a fairly steady annual increment. The actual number of 
years rep Rented (on the average) by a given number of corpora 
lutea is still, however, in doubt. From the frequencies of numbers of 
corpora lutea Wlieeler inferred that fin whales become phyaicslly 
mature 4-6 years after sexual maturity, W’bich implies about three 
corpora lutea per annum. Laurie, by a different method, estimated, 
however, that in blue W'hales the rate of increment is slightly more 
than one per annum. A fin whale which was killed 6 years after it had 
been marked had only eight corpora lutea (Mackintosh, 1042), and in 
this particular whaie the rate c.innot have been much more than one 
per annum. The majority of blue and fin whales taken in the Ant¬ 
arctic are physically immature, and even if only one corpus liitenm is 
added each year, the majority are presumably less than, say, 20 years 
old. However, it is not yet finally proved that the rate of accumula¬ 
tion cannot be less than one each year, or that none of the oldest cor¬ 
pora lutea disappear in the oldest whales. Tlie largest number found 
so far is 54 in a fin whole. 
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Ruud (1040,1045) describes ru ImportiiTit new method of determin¬ 
ing the age of a wlink from delicate mensurements of the thickness 
of the baleen plates. From gum to tip the thickness decreases in a 
series of levels, or steps, and there seems little doubt that tiicse repre¬ 
sent jeans of age. The levels are sometimes hard to distinguish, and 
difficulties arise through the wearing away of the plate at the tip. 
The method slrould bo of much value for determining the ages of 
young whales, and gives good reason to believe that scjtual maturity 
is generally reached 3 years after birth in fin whales in Uie Northern 
Hemisphere, but further investigations will be needed to test its re¬ 
liability as a clieck on the rate of accumulutioa of corpora luten in 
adult whales. 

A final point to bo mentioned in connection with the growth and 
age of whales is the relative grotvth rate of different parts of tlie 
body, Fiom measurements of the external jjroportions of a large 
number of blue and fin whales Mackintosh and Wheeler (113QD) found 
that in both these species the itite of growth is faster in the anterior 
than in the posterior juirt of the body. For example, in female blue 
whales 15.5 m, in length the head on the average measured 15 percent 
of the total length, and the tail region 33 percent, but in those measur- 
mg 20.5 m, the corresponding figures were 21 and £8.5 percent, Llat- 
diews (1937) found a similar effect in the humpback and suggested 
that the relative increase in the size of tile head ia connected with 
the development of the feeding mechanism represented by the whale¬ 
bone and mouth. In the sei whale, however, he found a more even 
growth rate which he thought to be correlated with the smaller size of 
the species and the lower food ref]uirement. According to Esricht 
and Reinhardt (1861) the head of tlie Greenland right whale is 
slightly less than a third of the total length at birth and sllglitlj more 
tlmn a third in the grown whale. D’Arcy Thompson (1919) found 
that in fin whales the longer whales had a proportionately larger girth. 

V. P0PDL.4T10N3 AXD THti EFFECT OF TFIE WHALIXG INDUSTRY 

Whales are raoi’C or less gregarious animals, and ftlthuugh solitary 
members of any species are commonly seen they frequently swim in 
schools of two or more in which they keep within a few yards of one 
another, Sometlmea a number of schools and individtiEtis are found 
m a limited area, fonning what may be loosely termed a herd of 
whales, but they are often widely dispersed, and it ia perhaps best to 
apply the term “population'* only to large groups of whales, such as 
the fin whales found in Antarctic waters in summer, or one of the 
principal southern communities of humpbacka. 

Although no reliable estimate has yet been made of the actual num¬ 
bers of whales which make up the population in any region, rnforma' 
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tion has been aciquifcd in recent years on the relatiTa numbers of tbe 
species and seies, the constitution of the Antarctic populations, and 
the nature of tbe changes brought about by the modem whaling in¬ 
dustry. The large whalebone whales are clearly more abundant in 
the Southern than in the Northern Hemisphere. The oceanic area m 
which suitable conditions exist for the production of their food is 
far greater in the south than in the north, and whaling is carried out 
on an incomparably greater scnlo. No quantitative comparison has 
been made, but at least the rorquals of the south must presumably 
outnumber those of the north several times over. The sex ratio has 
been examined by Eisting (192fi), llatthews (1937, 1938b, and Mac¬ 
kintosh ( 104 a), and although ttie sexes are nearly equal it seems cer¬ 
tain that at least in blue, fin, sei, and humpback whales there is a slight 
majority of males in the Southern, and probably also m the Northern 
Hemisphere. This is found not only in the statistics of catches, but 
also in the records of foetuses. Indications arc sometimes found of a 
slight tendency toward temporary segregation of the sexes, or local 
variation in the aei ratio, t’or example, there is generally an excess 
of female Innnpbacks in the Antarctic catches in summer and of males 
in the tropical catches in winter. The main herds of fin whales wliich 
appear off South Georgia about midsummer seem at first to include a 
TUry high proportion of males, but the winter migration of gray 
whales into warmer latitudes is led by a majority of females. 

The catches of tlie whaling industry give no reliable indication of 
the relative numbers of the different species, for there is too much 
selection in this respect, but observations made by the DUcovenj 
Committee's ships, though limited, are more reliable. A good measure 
of agreement was found in the ratio of species seen and identified 
with certainty during voyages of tlie Dhcovery II and the ratio of 
species marked or shot at by the William Scaresby, This suggested 
that in the Southern Ocean as a whole in summer the existing ratio 
of blue, fin, and humpback whales is of the order of 15, 75, and 10 
respectively (Mackintosh, 1042). Hjort, Lie, and Euud (1035, etc.) 
have shown that the ratio varies in different parts of the Antarctic, 
largely as a result of whaling, and although allowance is made for 
tins the above estimate must be regarded as provisional. Of the other 
species right whales are rare and the sei and lesser rorqual are pre¬ 
sumably scarcer than the humpback. Tli,e lesser rorqual, however, 
is an inconspicuous whale and may be commoner than observations at 
sea would suggest. Little can be said of the Northern Hemisphere 
except that the fin whale predominates in the catches of the modern 
industiy. There is no criterion, however, for comparing the relative 
numbers of rorquals and right whales before the latter were reduced 
by the old whaling industry. 
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Certain changes are worth noting which take place in the compo¬ 
sition of the Antarctic population in the course of tha Ant4irctic 
snniniei% As the season advance tlie proportion of blue whales falls 
while that of lin whales riseSi Tliera is a marked decline in the per¬ 
centage of pregnant females, which become progrrasiTely displaced 
or diluted by the arrival of resting and lactating females; and there 
is a slightly higher proportion of old and mature whales in the early 
than in die late summer catches^ 

It is to be hoped that means will In time be found of making a rough 
census of tlie populations of whales^ but the problem presents great 
difEctiUieSv Hjort, Jahn, and Ottcstad (193^) considered the possi¬ 
bility of estimating the stock by statistical methods which depend on 
the relations between the size of the stock and progressive changes in 
the number caught in a given area, but realized that such methods must 
involve assumptions which are at present liardly justifiad. Whale 
marking might provide information, for the ratio of marked whales 
killed to marked whales ot lai-ge should be related to the ratio of total 
whales killed to- total whales ut large, but this method also involves 
incalculable factors* The most direct method would be to count the 
whftles seen In a given area, e. g,, the strip of ocean viewed from a ship 
during a series of voyageSj but whales are seen only in Qeeting glimp¬ 
ses, and the number observed is so much affected by even alight varia¬ 
tions in atmospheric conditions that a reliable count seems impracti¬ 
cable. These are problems for tha future, and it may be that a com¬ 
bination of tliese methods may eventually lead to a rough census when 
the relevant factors are better understood. 

The effect of the whaling industiy on the stocks of whales is a large 
subject, and perhaps not quite within the scope of the present article, 
but it has influenced the trend of recant research, and something 
sl^ould be said of the location of the industry and of the depletion of 
certain species. Whaling in the Nortliern Hemisphere has been con- 
6ned almost entirely to land stations, and these (of which few have 
been operating in recent years) are placed at points on the coast ac¬ 
cessible to deep oceanic regions, e; g., the west coast of Ireland, the 
Hebrides, the Calilornlan coast, etc, Alany of these localities have 
been referred to above in the section on distribution. In the Southern 
Ileufiaphere whaling was at first conducted from shore bases, mainly 
at South Georgia, the South Shetland Islands, and parts of the 
African coasts, but after about 192G the Antarctic pelagic factories 
dominated all otlier whaling. In tl\e years before the war they 
covered a belt outside tlie pack ice eslcuding around two-thirds of the 
Southern Ocean from the South Shetland Islands in CO* W^, eastward 
as far as the Kosa Sea (see fig. 1), but did not penetrate to the Pacilic 
sector (60*-180® W.), The International Statistics show that up 
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to 1908 more than 50 percent ot tlie comparatively sinaU number of 
trlioles tlicn killed were from the Northern Hemisphere, but that in 
1938 over 90 percent were from the south. Tlie actual figures for that 
year were; Total, 54,835; Antarctic, 84 percent; Africa, 5.6 pe^nt; 
North Atlantic and Arctic, 1.4 percent; Japan and North Pacific, 4.5 
percent; other regions, 4.5 percent. 

The number of whales killed before the war was dangerously high, 
and tliere were signs of substantial depletion of the stocks of blue and 
humpback whales. Tlie evidence for this in blue whales is to ba found 
in the decline in the total catch per cstcher*s day’s work, in the de¬ 
clining percentage of blue whales in the catches, in the reduction in 
their average sizes and ages, and in tlie increasing proportion of im¬ 
mature whales in the catches (see Hjort, Lie, and Ruud, 1932—I9li8; 
Bergersen, Lie, and Ruud, 193D, 1941; and Mackintosh, 194S). The 
stocks of humpbacks have probably suffered even more than those of 
blue whales. Since U^ey are segregated into separate communities 
depletion is more localized, but U»e statistics show that it has been very 
severe in the Atlantic sector of the Southern Ocean. The fact that a 
higher percentage of marks is recovered from blue and humpback 
than from fin whales (Rpyner, 1040) is further evidence that these 
are the two species most in need of protection. Fin whales still ap¬ 
peared to be plentiful before the war, but could not be exiiocted to sup¬ 
port the industry for long on its prewar scale. 

Tlie regulation of the industry is based on the International Agree¬ 
ment of 19Sr and Protocols of 1938 and 1944. The principal pro¬ 
visions, which are founded on biological information, are limitation of 
tJm Antarctic whaling season, minimum siaes for certain species, 
geographical limits to the whaling “grounds,” the temporary protec¬ 
tion of humpbacks, and a temporary limit of the total catch to 16,000 
blue-wlialc units. The last is the most important, but it is a new 
proposal and is subject to reconsideration. 

VT, FDTITElt INTKSTH3ATIONS 

Although considerable progress has been made in recent years 
there is a large field for future research on the whaklione whales. 
The whaling industry must still offer the most direct means of access 
to whales, and more work on the same lines as before will be needed, 
but new or modified methods of research can be developed, and use 
could l>e made of some modem technical devices. 

Further investigations by Inologists working in factory ships are 
undoubtedly necessary, and have in fact already bcgtin. * For prac¬ 
tical purposes the condition of the stock must be checked from year to 
year, and this is specially important at the present time when whaling 
is being resumed after an interval of some years. More precise in- 
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fonnatton on breeding and growth is required, and the indications of 
nga from the baleen plates require further attention. Tho present 
article is not concerned with anatomy and physiology, hut u factory 
ship would offer scope for further process in these fields, The breed¬ 
ing cycle of humpbacks could be studied to much advantage if a suffi¬ 
cient number of this species could be examined in winter at a tropical 
land station, 

Wliale marking also needs to be continued, It provides data on 
distribution and migrations, on growth and age, and on the propor¬ 
tions in which different species are removed from the stock by hunt¬ 
ing. Harking should if possible he extended to regions other than the 
Antarctic, sucii as the warmer southern latitudes in winter, if sufficient 
numbers of w'hales can be iocated. The statistics of catches also will 
continue to provide material which is instructive in itself and valu¬ 
able for correlation with other data, Kew technical devices will no 
doubt provide new methods of research. **Asdic” should he helpful 
in studying the habits of whales especially in regard to their under¬ 
water movements, and radar might be of much value in counting the 
number of whales in a measurable area. Tliere are clearly great 
possibilities in the use of aircraft. The vast extent and severe 
weather conditions of the principal resorts of whalebone whales would 
involve difficulties, but aerial observations over sample areas in com¬ 
parable conditions might go far to assist in the much needed census 
of the populations. Aerial photographs also can be very informative, 

VII. 

(1) The whaling industry has provided both the facilities and the 
stimulus for motlem research on the general biology of wholra. "nie 
principal methods of investigation are (a) nnatomical examination, 
(i) observations at sea, (f) the marking of whales, (d) analysis of 
Ae statistics of the whaling industry. (2) Tlie whalebone whales are 
migratory animals, inhabiting high latitudes in summer where food 
is plentiful, and moving into warmer waters in winter where there is 
little or no food, but where breeding takes place, Ttie Greenland right 
whale does not move far from the Arctic regions end is not found 
in the Southern Hemisphere, The black right whales of the north 
and south do not migrate far and are separated by a wide trepical 
belt. The humpback migrates from the polar ice to the lirfiuator, and 
frequents tropical coastal waters in the winter months. In the South¬ 
ern Hemisphere it is segregated into several communities which^have 
separOite migration routes, and between which there can be little inter¬ 
change. Blue and fin wholes undertake less regular and extensive 
migrations. They are not segregated like the humpbacks, but show 
a slight tendency to concentrate in the same regions. Gray whales 
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inhabit the North Pacific and undertake reguUir mictions along the 
coastd of Korth America and in Japanese waters. There is les uifor¬ 
mation on the distribution of the seij lesser rorqual, pigmy rights and 
Bryde^s whale, (5) Certain planktonic Crustacea form the principal 
food of the whalebone whales* In the Antarctic they feed virtually 
esclusively on the shoais of Euph^^a ^perb^ In the northern seas 
the diet seems to be more varied^ is prob¬ 

ably the most important food organism in the North Atlantic, hut 
further investigations are needed. Little food is taken in winter, 
though fisli and small quantities of other Crustacea are sonictlmes 
eaten. (4) Examination of the reproductive organs and measure¬ 
ments of foetuses at different times of year show that breeding mainly 
takes place in winter and that the period of gestation is about a year. 
Normally one young is born at a time, and the usual interval between 
successive pregnancies is probably 2 years. Tliis applies to blue and 
fin whaleSj but other species are probably similar. Blue and fin whales 
are believed to become sexually mature in about 2 or 3 years. The old 
corpora lutca of the ovaries persist and accumulate, and constitute the 
best indJeation so far found of the age of an adult whale. There is 
some evidehcB that the rate of increment is about 1 per year, but this 
again needs oonfirmation. The largest recoixled number is 54. Indi¬ 
cations of periodic growth in the baleen plat^ constitute a new method 
of determining the ages of young whales. The rate of gi-owth is faster 
m the antctior than in the posterior part of the body. (5) Wlmlebone 
vrhHles are more plentiful in the Southern than in the Nortbem Hemi- 
fiphci-e. The scjfes are nearly equal. The existing ratio of blue, fin, 
and humpback whales is estimated to be of the order of 15,75, and 10 
respectively in the Southern Ocean, but no estimate has yet been made 
of the absolute imuibers in the populations. Most whaling is carried 
out by the Ajitarctic pelagic factories, and little is done now in the 
Northern Hemisphere. The stocks of blue and humpback whales have 
been depleted by the modem industry, but fin whales have been less 
affected, and progress has been made in the international regulation 
of whaUng. (S) In the future it will be necessary to continue mseareh 
to some extent on the same lines as before, but new or modified mctlKjJg 
could be developed, and aircraft and modem technical devices mi-dit 
he used with advantage. ^ 
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LIFE mSTOEY OF THE QUFfZAL ‘ 


By AT.BTAWPEt F, SKLrrca 


imth 4 »Wtn] 

The Kew World, for all its wealth of feathered life, boasts no family 
of birds flt once so large and so ornate as either the pheasants or the 
birds of paradise of the Old World. The trogons are perhaps the 
most gorgeous avian family that the Western Hemisphere posesses, 
altijough they are a group shared with the eastern world. Trogons 
display glittering metallic plummage in far larger expanses than any 
hiLtntningbii'd, and the colois of the males are usually brilliant and 
contrasting. Most, however, are devoid of ornamental plumes: An 
exception is the quetzal, which in this superb family is easily first 
in splendor. It is certainly one of the half dezea or so most beautiful 
birds in the Americas, and even in tills select group may deserve 
highest rank. 

Not only is tlie quetzal a magnificent bird, but It is also one of the 
most widely known. Save possibly the scarlet macaw, this was the 
first Central American bird of whose existence 1 became aware. Like 
many another boy, I collected postage stamps; and an ornate Guate' 
malan issue, witli its quetzal in red and green, was considered a 
collector's prize. But it gave no just idea of the true splendor of the 
bird. Later, when 1 came to travel in Guatemala, I found its image 
very much in evidence, in the medallion displayed on die walls of 
most of tlie public edifices and in the center of the blue and white 
banner. 1 even carried in my pocket and disbursed them at 

sundiy hotels and shops; for Guatemala has named her monetary 
unit for her national bird, os many of die neighboring republics have 
named theirs for famous men. The second city of the land bears the 
name of this bird—Quezaitenango, the place of quetzaJs^but today 
one search^ in vain for these trogons on the wind-swept plains and 
through the low oak woods in the vicinity of this metropolis of the 
West. 

In selecting the quetzal as their national emblem, the Guatemalans 
made a more than usually felicitous ciioice, a creature at once native 
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of the land itself, ornate as a design, and refreshingly different from 
the belligerent birds, beasts, and mjthological fire-breathers that ndom 
the coats of arms of so many otlier nations. And tlie quetzal, no less 
than the soaring eagle and the rampant lion, has its appropriate legend 
to illustrate its nobility of spirit and reflect that of tlie people it rep¬ 
resents. Every Guatemalan will proudly tell you that tlie quetzal will 
die of a broken heart if deprived of freedom. I have heairi of Hon- 
duran and Costa Bican quetzals that survived considerable periods 
of capti vity I but I sincerely hope that none hatcUed on Guatemalan 
soil will ever be guilty of conduct so unworthy of the national tra¬ 
ditional It always makes us sad when an ugly esperiment bears wit¬ 
ness against a beautiful legend. 

The quetzal is something more than the living representative of a 
beautiful country of the present era.; Its human ai^ociations stietch 
back into antiquity. Possibly no other feathered being of this hemi¬ 
sphere, the bald eagle and tlie turkey not excepted, has a longer 
history, as the philologist rather than the naturalist would use the 
term. This history is largely unwritten; and it is to bo hoped that 
before long one who is at once an archeologist and an ornithologist 
will make good the deficiency. Still, Salvin and Godmuii, in the 
“Biologia Centrali-American a,’’ have given us soma glimpse of its 
antique importance. The long, waving green plumes of the male 
quetzals train were coveted objects of adornment of the Indian 
chieftains, as one may plainly see on many a modem restoration of 
ancient scenes. Their use was limited by law to myalty and the 
nobility. The male quetzals were captured alive—^it is stated with 
corn, as bait, which I rather doubt — and after being despoiled of their 
proudest ornaments, released tliat they might grow them afresh and 
continue to propagate their kind. Thus the brown aborigine, later 
so despised and crushed into the duM, proved lumsclf more far-sighted 
than tlie white invadeis who overcame him. The bird was described 
by some of the early historitins of the Conquest; but it soon grew eo 
rare in all the mora accessible portions of Uie Spanish Kingdom of 
Guatemala that its very existence came to be doubted in Europe, some 
ornithologists even classing it among the birds of fable. In the nine¬ 
teenth ceiituiy, it was rediscovered by Europeans; and soon its skins 
began to flow across the Atlantic for museums and the cabinets of 
collectors. This nefarious trade reached such proportions that the 
quetzals might well have been exterminated had not so many of them 
dwdt in wild mountainous regious which even today are most difficult 
of accras and scarcely explored. Most of these trade-skins originated 
in the Alta Vera Faz In Guatemala. 

One other legend about the quetzal seems worth repeating here, espe¬ 
cially as it had much to do with fomenting my own desire to study the 
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bird in life. As often as they tell the traveler that the quetzal invari¬ 
ably dies in captivity, tlie Guatemalans volunteer the information that 
its nest cavity in a decaying trunk is provided with two opposite door¬ 
ways, So that the male when he comes to take his turn on the eggs may 
enter from one side, perform his spell of incubation, then depart by 
the other, all without being obliged to turn ai'ound to the detriment of 
his gorgeous t rain, Few G u atemalans lio ve actually seen the quetzal's 
nest, for the birds survive only in the wildest, least inhabited regions 
of the Kcpublic. Osbert Stdvin (Ibis, 1861:66) tells of a nest in what 
was taken to be an old woodpecker hole. It had a single doorw'ay, and 
he believed that the female alone incubated, 

Tlie foregoing is, briefly, what I had been able to learn about the 
quetzal up to the early half of tlie year 193T. I had already gi'vcn 
attention to the habits of Central American birds during seven nesting 
seasons, and I had learned something about the breeding habits of one 
more kind of trogon during each of these yeai^ But of the quetzal 1 
bad ciijoj-ed only fleeting glimpses on two or three occasions, in the 
highlands of Guatemula and Costa llica. To complete my studies of 
this family, I needed observations upon its most famous and most 
resplendent member, 1 wauled to decide for myself between the 
conhicting accounts of its nesting; but every tiling 1 knew’ about irogcms 
inclined me to believe tliftt, in whatever kind of nest, the male sliared 
in incubation, 

I was fortunate enough to rent an unexpectedly comfoitable cottage 
in a wild region still largely covered with forest, in which quetzals 
were abundaiii. Tlic adequacy of the dwelling was important, for 
even sheltered as I wag, it was at times difficult enough to withstand 
the depi*essing effects of the cold rainstorms Uiat continued scarcely 
broken (or weeks on end, with hardly a gleam of sunsluue. Tlie point 
where I studied the quetzals was at an altitude of 5,500 feet, about 2 
miles below the handet of Vara Blanca, on the northern side of the 
Cordilieiu Central of Costa Bica, along the old trail leading from 
Heredia across the continental divide down thi^ugh the forests to the 
Bio iSarapiqui, ait aflluent of tlie &iin duan, lly period of residence 
there extended f i^m d n ly 193 1 to August 1938, wi th less than 2 months 
of absence between Kovember ami January. If I did not leam more 
about the ways of the quetzal, it was not because of any lack of these 
birds in the neighborhood, hut rather because a wc.aJth of birds of 
other kinds offered too many temptations to divagate, 

the BNVIBONitENT 

The quetzal {Phuromachrm vioiAnnQ) ranges through the mountains 
from the Mexican state of Cliiapas to western Panama. In this thou¬ 
sand-mile stretch of territory—Central America in the proper geo- 
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graphic sense—there are two areas of highlands, separated by the belt 
of lowland that crosses the istlunus along the Kfo San Juan and Lake 
Nicaragua, As with so many other birds of corresponding range, the 
quetial shows geographic variation on the two sides of the gap. The 
northern form (P. an. m<fcimu>) is distinguislied by tire greater length 
of its upper tail coTcrts; it ranges from Chiapas to northern Nicaragua. 
The southern race (f*. m. costaricetisit'} dwells in the mountain complex 
of Costa Rica and western Panama. Other members of the genus are 
South American. 

The quetzal is an inhabitant of forests of the Subtropical Zone. In 
Costa Etca, it is most abundant between 5,000 and 0,000 feet above 
sea level. Occasionally it is found aa low as 4,000 feet; I have a record 
of a single bird at this altitude, but doubt if it often ranges lower. 
Where forests of huge oak trees extend up to nearly 10,000 feet in 
the Costa Hican mountains, it is not impossible that the quetzal accom¬ 
panies them, although dchnite records appear to be lacking. In Guate¬ 
mala, farther from the Equator, the northern winter makes itself 
felt and the Temperate Zone replaces the Subtropical at a lower alti¬ 
tude. Here the quetzal docs not, at least at the present time, appear to 
extend upward beyond 7,000 feeL The dense human population of the 
central highlands may well have been responsible for the bird’s dis¬ 
appearance from the few possibly suitable forests that remain above 
this altitude. With one exception, all the other Central American 
members of tlie trogon family dwell at altitudes lower than the quetzal, 
although a few, as the Jalapa collared trogon {Trogtm collans 
and Trogonn, rntrantiiventris^ which seems to be a mere color phase of 
this species) overlap its range from below, Tlie Mexican trogon 
{T, pu^icantis) is characteristic of the Temperate Zone in Guatemala 
and extends higher than the quetzal. 

The forests in which the quetzal dwells are composed of crowded 
lofty trees, those tliat form the canopy ranging from 100 to 160 feet 
and even more in height. Oaks of a numbor of kinds occur throughout 
the quetzal’s altitudinal range, but they are more abundant toward its 
upper limit, where with huge boles and spreading crowns they domi¬ 
nate the woodland. Alders ocuTinnats'f are abundant in many 

places, beaming nearly os tall, although not so massive, as the oaks. 
But more important for tlie quetzals arc tho numerous members of the 
laurel family (Lauraccue), including the wild relatives of tlie avocado 
{Peraea 8pp.) and species of JVecMndra and a—variously called 

fra and gukaird in Costa Ricn, tepeaguacaie in Guatemala—whose 
fruita are an important food of our birds. These forests are watered 
by abundant rainfall, and at all seasons they are bathed In cloud-mist 
much of the time. The constant moisture favors tlie development of 
an epiphytic vegetation of whose proportions one can hardly form a 
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conception when he knows only the forests of the North Tempemte 
Zone, or even those of the lowland Tropica. Each larger tree uphol^ 
a masa of vegetation which must be estimated, not in pounds or in 
hundredweight, but in tons. In the dense covering of mosses are 
rooted ferns, herbs, shrubs, and even trees of fair si®. Specially 
noteworthy are the orchids of myriad kinds, the cavendialiias and 
related ericaceous shrubs, witli their glossy leaves and heads of pink 
and white blossoms. The imdergrowth is often dense, with tangles of 
slender-stemmed bnmboos, ferns in bewilding variety, and shrubs and 
herbs, including many elegant members of die acanthus family and 
the Gcsneriaceae. 

Subtropical forest of this type appears essential to the existence of 
the quetzal. While the bird will often venture beyond the for^ 
to forage and nest in adjacent clearing?, it is not known to occur in 
districts from which tlio heavy woodland has been shorn. The almost 
total destruction of the original forest over the central plateau of 
Costa Hica and nearly all of the altos or central highlands of Guate¬ 
mala is responsible for the disappearance of the quetzal from these 
regions, no less than the unremitting persecution of commercial plume 
collectors and less expert trophy hunters. But happily for the bird 
and those who admire it, there still exist, in the northern, parts of the 
departments of Alta Vera Paz and El Quiche in Guatemala, but above 
all in Honduras and southern Costa Bica, great areas of subtropical 
forest OD mountains so ru^ed and difficult of access that they must 
long defy the devastating luvasions of man. Kccent well-orgsinized 
attempts at road making through some of these mountains serve merely 
to emphnaizo the difficulties of conquering tliem. As 1 write, I look 
over the broad, forest-mantled Banks of the Talaniancan Cordillera 
and like to think that for many centuries they will remain the inviolate 
home of die quetzal, die Costa Eican bellbird, the black-faced solitaire, 
the Costa Rtcan chlorophonia, and all the birds that dwell with them 
in the subtropical moun tainsL Doubtless quetzals mi^t continue to owe 
their existence more to die inaccessibility of their haunts than to 
human laws, which, as that decreed a dozen yeare or so ago in Guate¬ 
mala for their protection, are usually not mode until the creature 
they would save becomes rare almost to the vanishing point. 


iPpEAfi.4HGE OF THE QUEIXAl, 

Although a formal account of the plumage of the quetzal may bo 
found in Kidgway’a “Birds of North and Middle Amenca” and oth® 
standard works of descriptive ornitbology, I shall give here, with only 
alight verbal changes, a word picture that I wrote in my loumaWn 
April 28, 1938, when I had die living birds daily before me; “The 
male is a supremely lovely bird; the most beautiful, jdi dimga cson. 
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sidered, that I hare ever seen. He owes hi a beauty to the intensity 
and amestjng contract of Iiis coloration, the resplendent sliecn and 
glitter of his plumage, the elegance of his oruamentation, the ayui- 
metry of his form, and the noble dignity of liia carriage His whole 
head and upper plumage, foreneck anddiest arc an intense and glltter- 
green. Hia lower breast, belly and under tail coverts are of the 
richest crimson. The green of the chest meets the red of the breast 
m a line which is coutci doflmward, Tlie head is ornamented by up¬ 
standing bristly feathers which form a narrow, sharply ridged crest 
estending from the forehead to the hindhead. The bill is bright 
^llow, and rather smaller than tliat of other trogous, even those of 
inferior Size, The glitteiing eye is black, and set directly among the 
green feathers of tlio face, without the white or bluish or golden orbital 
nng that so mnnj trogons possess, 

“Tlie wmg-quills are largely concealed by the long, loose-barbed. 
goWen-green, plume-like feathers of the cotcHs, whose separated e,r- 
trollies, pacing beyond the wings on to tho sides of the bird, stand 
out beautifully against the crimson that shows between them. Tlie 
ends of the black reniigcs are left uncovered by the covert-plumes and 
^ntrast ™’ith the green rump, upon the sidea of which, when folded, 

T rf *^1: 

cealed by the greatly elongated upper tail coverts, which are golden- 
witli blue or violet iridescence, and have loose, soft barbs. Tlie 

fetithei^ are longer than the 
whf,^ bird, and eatend far beyond the tip of the tail, 

which m of normal kngtl,. Uose and slender, they cris each othJ 

diverging gradually, form a long, 
bang, below the bird w£le he perebS 
upright on a branch and ripple gaily behind him os he flies. The 
outer tail fe^kers are pure white and contrast with tho crimson belly 
when the bird is Uheld from in fmnt. or as he flies oveS. tJ 
complete the splendor of his attire, reflections of blue and violet play 

“ITi. f™»l, ,u«al i, f„r less besmiful tl„„ her nsls. She is Ih. 
OM femsfc trogon I kns* „pps, p|„„sg. 

mnles, instead of brtmn or slnte-cotored. Her hesd is d.pb .moW 
8r.y.»™iim«slightly tinned nith gr«n, »„d u.« no tr.« „"tS 

.« gTS«,, b„. less intently ,^,sn .ho«Xs "““P 

courts of her .log, and „„ g„.n and 

m leas degree. The tips of the wing coverts scaivS^ .JL”i 1 ,^ . 

the margin of the folded wing, and^the Cijest 

but slightly aacssd Ih. tagth of th. toil, sh« 


ufe HiSToar or the —skutch 
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the breast and mueli of the belly are dark gray and only the lower 
belly and under tail coverts are red, of a shade paler than these parts 
of the male, 'llie outer tail feathers, instead of being pure wlilte, are 
narrowly barred with blat-k.” 

HABITS AND TOICB 

TATiile perching, the quetzal, like other trogons^, esanm e nq & very up¬ 
right posture, its tail directed downward or even inclined slightly 
forward under the pei'ch. If alarmed, agitated, or suspicious, birth 
sexes have the habit, widespi-cad among trogoiis, of rapidly spreading 
tlie tail feathers fan wise and closing them again, sending forth dashes 
of white from the outer rectrices, which to one viewing tlio bird from 
the rear are usually concealed by the dark oetilral feathers and the 
coverts. In quitting his perch, the male commonly drops off back¬ 
ward, instead of dying straight forward in the usual manner. 
Thereby he avoids dragging his train over the branch each time he 
takes wing, which would in the course of months fray it greatly 
through friction against tlie rough bark. My notes are not explicit 
as to whether the female, lacking the train, takes off in the same 
fashion; but my impression is that sbe does not. 

The flight of the quetzal Is unduUtoiy, but less strongly so tiian 
that of some of the stnaller trogons. its method of plucking small 
fruits from a tree is the same as tliat of the other members of tlio 
family. Starting from a resting position, it darts up to a duster of 
berries, seizes one iu its bill, and detaches it by throwing its weight 
against it ns it drops away, all without aligluing. Such fruit-catch¬ 
ing is spectacular with all trogons; and with the magnificently at¬ 
tired male quetzal it is indeed a striking display, llte cottage at 
Vara Blanca stood ou the cleared back of a narrow ridge, with forest 
on either slope a short way down. From the porch I sometimes 
watched a pair of quetzals foraging in the crown of a gi'e^it ira rasa 
(OcoUa pentayona) that grew in the pasture on the slope to the west, 
its Upper boughs oti a level with my eyes. The birds would emerge 
from the forest, snntdi a few of the big, green fruits in their usual 
dasliing way, then dart down into tlie wooiled ravine whence they had 
come. 

From my arrival at Vara Blanca in July until tho last doys of 
February, 1 had attributed only a single kind of call to the quetzal. 
This was a loud, stariled-sounding teae-tcac^ wac-wac that, tliey often 
voiced in flight. The call bears a certain rcseiiiblance to tlie notes of 
alarm of the smaller trogons, most of which have a stailted, cackling 
character, but are less powerftil than the corresponding utterance of 
the quetzal. But in late February, as the mating season approached, 

I began to hear notes of a very distinct kind. During March, the 
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quetzals called tnuch; and it became clear to me that they had a rather 
varied vocabulary, including sounds of rare beauty. They were most 
vocal in calm, cloud-yeiled dawns, and late on misty afternoons; in 
bright weather they called less, and on windy days rarely broke 
silence. Their notes reminded me somewhat of the utterances of tlie 
clearer'voiced of the small trogons, as the Mexican, Jalapa, gartered 
{Trogon violadeui)^ and graceful {Trogon rafus temllui)., yet were 
quite distinct from any of these. Tiie quetzal's voice, at its best, is 
softer and at the same time deeper, fuller and more powerful than that 
of any other trogon I know. The notes are not distinctly separated, 
but are slurred and run into each other, producing a flow of mellow 
harmony. Even as the quetzal surpasses his kindred trogons in 
splendor of plumage, so he excels them in mellowness of voice. The 
feniale, on rai-e occasions, was heard to utter a clear-voiced call 
resembling that of the male, but in far weaker, more subdued tones. 

At times, especially at the outset of the season of nesting, the 
quetzals voiced notes of n whining, complaining character, which ap* 
peared to be mating calls. I could not then make sure whether both 
sexes used this sound or only one, nor which it was; but I sometimes 
heard it when tliey were together at the edge of the forest. Later, 
when they were iiicubating, both male and female would deliver nasal 
or whining notes of a rather similar character as each came to relieve 
the other on the nest-. In ifay I became aware of an utterance very 
distinct from nil these, n higli, soprano, sliding ‘vohooo^ not especially 
loud—jt surprising performance which, when first heard, I was in¬ 
clined to attribute to a mammal rather than a bird. 

Tlie flight display of the male quetzal is accompanied by an utter¬ 
ance all its own, that is obviously a modification of the flight note 
already described. From time to time, in SI arch, April, May, June, 
and July, the male rises on wing well above the treetops, circlea 
around in the air, then descends again into the shelter of the foliage. 
His flight on these snllicg is strong, swift, and direct, often with little 
of the usual uadulatory motion; hut if he goes very high, it may at 
the end become pronouncedly wavy and jerky, suggesting that he has 
about reached the limit of his endurance. As he soars up into the air, 
he shouts loudly a phrase which at various times I set down as v>ac- 
irrtc-wiw, tnflff-Mor, but as often Merg-good, very-good, very-g&od. 

On a number of occasions, I saw the male, when relieved of his long 
turn on tlie eggs by the arrival of his mate, set forth directly from the 
doorw ay of the nest on one of these flights, calling loudly as he went. 
Such aerial sallies are not rare among birds of open fields and low 
thickets, as the skylark and (he bobolink, or, to take closer neighbors of 
the quetzal, Baird’s yellowihroat (Geothlgph temifiava), the streaked 
saltator {S/dtat^r aTbicoHtJi) and Lawrence’s elaenia {maenia cAm- 
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^0n9ia) j but they are decidedly uncommon among denizens of heavy 
forest. 1 know no other trogon, nor any bird of the tropical rain¬ 
forest at whatever altitude, which indulges in such exercises. The 
gliding flights of tlie gnans (Penelcpg purpurascent and Ghaniaep&te^ 
unieolor)^ in the midst of which they produce druniming sounds with 
their wings, are of quite distinct character. 

One afternoon in early March, I watched in a narrow clearing in the 
forest, in the midst of which stood a tall decaying trunk, where a pair 
of quetzals were interested in a possible nest site. As the sun sank 
low, T heard mingled mellow calls and whines float out of the bordering 
wood Ian d. Fresen tly the mal e rushed out i nto the clearing, fly i ng in a 
w'ild, dashing, irregular fashion, liis tong, loose, green wing-covert and 
tail-covert plumes vibrating madly, sJioutingwao-touo-ur^tc-wuffway-Ao 
teray-^. This appeared to be a distinct kind of digbt display, accom¬ 
panied by a somewhat altered call. 

I have heard tell of flocks of quetzals in the Costa Rican highlands, 
but have never seen such an aggregation. When I arrived at Vara 
Blanca in early July, the quetzals were probably still nesting, although 
I found no nests until the following year. I saw* a number, chiefly 
single individuals, during that month j but m August and early Sep- 
tcniber I met none, and I began to suspect they had migrated from the 
region. But in the second fortnight of September I encountered two. 
Yet from Angust to the following February they were very little in 
evidence ; and the few that I saw were mostly silent and alone. It was 
not until lute Februarj' or early Mnrch that quetKals appeared to become 
abundant in the vicinity. It is not impossible that tliere had been an 
influx of individuals into the locality, but I suspect tliat their apparent 
increase in number resulted from their greater activity, and above all, 
the more frequent use of their voices. The quetzal, for all his glitter¬ 
ing splendor, is not easy to detect as he perches quietly among lofty 
boughs smothered in air plants. 

By tlie first week of hlareh the birds seemed quite generally to have 
paired. Once I saw four flying through the shady pasture together, 
but these appr-ared to be rivals rather than membe^ of a flock. Poa^ 
s)bly the quetzals at times gather in numbera about a tree that offem 
an abundance of fmit, and in the mating season, several rival males 
may call from the same part of the forest, as with other trogons. 
Nevertheless I doubt if they form true flocks, which appear not to 
exist among tJie American members of the family, 

THE ^'EST AND EGGS 

The quetzal nests in a hole in a decaying trunk, upright or slightly 
leaning. This may be situated within the forest, or in an adjoining 
clearuig, sometimes as much as a hiuidred yards from the woodland 
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border. The six nests I found in 1038 rntiged from 14 to an estimated 
60 feet in height above tbe ground. In size and form the cavity closely 
resembles that of the larger woodpeckers, os the Guatemalan ivory^ 
bill (Scafutfteut ffuat^tnol^nsij^) or tbe pileated woodpecker 
(Ceophloetit lineafvft), The single entrance at tUe top is irregularly 
circular, about 4 to inches in diameter. One bole which appeared 
to be freshly cnrvc<l“thG man who showed it to me said he had seen 
the birds at work—extended to the depth of only 4^ inches below the 
lower edge of the doorway. Tliis contained eggSt although they had 
been broken before I saw tlie nest. /V second nest, which was very 
old and weathered when the^iuctza Js begun to use it, extended 11 incites 
below the sill of the doorway and was 6 inches in width. Although 
the other nests were inaccessible, I believe that most of them had a 
depth well in excess of the 4% inches of the shallow one I measured; 
this opinion is based on iho positions of tlte birds when incubating or 
feeding nestlings within them. 

In form, the quetzal's cavity is quite distinct from that of tlie other 
trogons’ nests I have seen (Skntch, Auk, vol. 59, pp. 841-863, 1942). 
Some trogons lay their eggs in cavities they carve in termites’ or 
wasps’ nests, others in decaying wood. But of the other trogons that 
dig into wood, the Mexican, JaJnpa, and graceful tiogons are content 
with Ehallow niches that leave much of the incubating bird exposed 
to outer view. Baird’s trogon {Troian afrtffila^vjt carvcB 

deep into the trunk, forming a completely enclosed chamber entered 
through an obliquely aRcending tube. 

The trunk in which the quetzal nests is sometimes in the last stages 
of decay. One nest cavity was situated at ti height of 30 feet in the 
top of a muasive but very rotten stub standing in a pasture. Since 
I had not ut the time of finding this seen any lower nest, I made a 
determined effort to glimpse its contents, standing on the next-to- 
Iiighest rung of a tall ladder and holding a mirror at the doorway, still 
above my head, while the interior was illuminated by an electric bulb. 
While I was engaged in this foolhardy venture, it visiting naturalist 
looked on and prophesied disaster, I could sec nothing, yet ilared not 
step upon the topmost rtmg and depend for support upon the trunk 
alone. But later, after the nestlings had flown, we put n rope about 
this trunk, cut some of the supporting prop roots, and pulled it over; 
for I wished to exauiine and measure the cavity. Upon striking the 
ground, tlie upper portion fell into a fonnlcss'hctvp of rotten wood. 
It WBS not even possible to distinguish the point where the chamber 
had been ! tVe had a similar experience with a trunk contniniug an 
empty ie.foot*high nest, which we pushed over in tbe forest foroxarai- 
nation After it stniek the ground, iheve was nothing left to examine, 
hot infrequently, a woodpecker hole will remain perfectly intact and 
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Bound after falling from Uvicc^ or tJirico tiie heiglit of tlicse ijuetzaU’ 
ucstA* The lowest nest chamber, to which I devoted so much attention 
in July and August^ was covered in front only hy the birk of the 
decaying stump, a large sheet of wliidi seemed on the point of falling 
flwaj'' and esposing the eggs, I thought it prudent to hold it in place 
by encircling the trunk with cord. 

I did not ill any insbince see qneUala actually carve their uest cham¬ 
ber. The three nesta in which first broods were raised seemed old and 
weathered when I found them. But the shallow ca%dty already men¬ 
tioned gave eveiy appearance of having been freshly carved in decay¬ 
ing wood still considerably sounder than that whicli collapsed into a 
heap when it felh This nest ivas shown to me by Don Moisei Larra^ 
In front of whose cabin it stood. He told me that he had seen the male 
and female quetzals taking turns at carving it out. This^ of coui^, is 
the way in which most if not all kinds of trogons make tlieir nests. 

Early in Mnrcli, a pair was inlci'ested in a tall, brandiless, decaying 
trunk that stcKid in a pasture near the edge of the forest. While 1 
watclied, the female clung upright in front of an old, long-abandoned 
woodpecker hole near tlie top of the stub. She spread her tail and 
braced it against the trunk, reve-aling the white outer feathers nar¬ 
rowly barred with black* Clinging so, slie bit at the decaying wood 
about the rim of tlie doorway, tearing off fairly large ikkes of the 
soft substance and letting them drop to the ground* She continued 
this occupation for a minute or less, and while she was so engaged 
I heard soft, full notes, but could not make sure whether they airae 
fit>m her or from the male wlio iserched nearby. Upon dropping away 
from the tree, she rejoined her waiting mate and both returned to 
the forest. Finally, this pair nested in an old bole in the lop of 
another dead trunk not far off* 

At Vara Blanca 1 found no breeding woodpecker whese hole could 
accommodate, without alterations, a bird as large as the quetzal. The 
hairy wuodi^eckcr {Dr^^obate^ viUosu^)^ acorn woodpecker {Baiano$- 
phyra f&rmidvora} , green woodjaecker {Piculu^ rubigin^^} and 
oleaginous woodpecker {Venilmmis olmgmus) were the only resident 
species — all considerably smaller than tlie quetzal. Likewise, the 
proEg-billed baibet (Dicrorhgmhu^ frmfzn)j whose nest cavity 
closely resembles a woodpecker hole, is not nearly so large as the 
quetzal. Before ii quetzal could nest in u hole carved by any of these 
five species, it would have to enlarge it, especially the doorway. I be¬ 
lieve that Lliis is what the pair I waiched bad started to do, but there¬ 
after Eoinetliing w^as found tliat could be made to serve with less cflortv 
Whenever an old hole of tlieir own remains from a former year, still 
sound enough to contain their eggs and oven if in a precarious state of 
decay, these trogoris appear to use it again. When still available, the 
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caTity that served for the first brood is mode to do duty for the second 
after the bottom is cleaned out. When they can find nothing ready 
made, tlie quetzals appear to carve their cavity from the beginning, in 
soft, decaying wood, in the nmtmer of otlier trogons. At lower eJeva* 
tions, where their range overlaps that of the ivory-billed or pileated 
woodpeckers, the quetzals may find cavities of adequate size all ready 
for tltem | but over most of tlieir range, they can hardly avoid a certain 
amount of hole carving, 

Tbe quetzal’s eggs rest upon the loose fragments of wood in tht bot¬ 
tom of the cavity, for no soft lining is taken in. I saw only two sets, 
one in May and tlic other in June. The eggs in tlie ilay nest had been 
broken before I was taken to see them. Feathers scattered about 
pointed to the work of some predatory animal. There had been at 
least two eggs, light blue in color. TIic one still whole enough to 
be measured was 38.0X30.2 mm. The June nest also contained two 
light blue egga, which I did not deem it prudent to remove from their 
deep, rather dilapidated cavity. In a high, inaccessible nest to wliich 
I devoted considerable attention, at least two fledglings were reared. 

IXCURATION 

On April 6, 1938,1 wrote in my journal: “Two mornings past, I 
saw a female quetzal, then a male (of the pair, 1 believe, Uint had 
earlier begun to enlarge the entrance of the old woodpecker hole in 
a neighboring trunk) cling upright in front of a large, round hole at 
the very top of a tall, massive and much decayed trunk which stands 
at the edge of Uie forest at the lower end of the pasture. The hole 
13 to all appearnnees an old one, the wood about its rim much 
weathered; and I have passed beneath the trunk so often that I tbink 
I should have seen the quetzals at work had they made it recently. 

ach, after clinging a few seconds there, flew back into the forest. 

^ esicrday morning, when I passed by, I saw the male sitting in the 
Cavity, Us Sat focinff outward^ with his head and aho>tdders •project- 
my ihrmfih the aperture. His tail was at the bock of the cavity, but 
^e of the long feathers of the train was hent doiAle and projected 
through the entrance^ above the bird’s left shoulder. Where, then, is 
the Guatemalan story of tbe nesting cavity with two entrances, so 
that the male quetzars tail can project through the rear onci Or the 
Costa Rican version that the bird sits in Uie nest head inside and tail 
dangling from the single doorway 1 

“Wlien the quetzal noticed me beneath him, he flew forth from the 
Jiole. I did not deem it prudent to return later in tbe day. This 
morning, at 6 o’clock, I saw the female enter the hole: but at 10 o’clock 

in Z ftot yet begun to 
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On April 8^ the male quetzal wris in the nest at 7:40 in tlie morn¬ 
ings but he flew out and roise aboYe the treetops us I approached. That 
same afternoon, at 2 : 20, for the first time I found him actually cover¬ 
ing the eggs. I aproached very quietly so that he did not hear mo 
and look ouL All that I could see of him was tlie ends of the two 
long feathers of his train. TUeso^ bent forward and pressed against 
the upper edge of the doorway^ projected the better part of a foot 
into tlie open« Had the trunk been covered with epiphytesj as it 
would have been if it had not been too rotten and cnunbly on the 
outside to afford them a root-hold, tlie projecting feathers might have 
been mistaken for the green fix>nds of a fern. 

On subsequent visitB to tliia and two other nests I found a little later, 
I learned that I could always detect from a distance the presence of 
the male quetsul in the nest by tlie projecting ends of Uiese two long 
central tail coverts. They extended froui 6 inches to a foot into the 
outer air and waved gracefully in the light April breezes. Although 
all tlie remainder of tlie bird was quite concealed in the bottom of tlie 
deep cavity, and I could not actually see the position in which he 
covered the eggs, the visible portions of these plumes Indicated that 
he $at facing forward, with his tail held upright against the rear wall. 
This 13 actually the posture assumed in incubation by the ilexican, 
Jalapu, and gracefuJ trogons, which are readily seciu as they sit in their 
sliallow cavities^ But the male quetzaTs long train continued up¬ 
ward, then bent outward, and pressed against the upper side of the 
doorway which held the flexed ends in an almost horizontal position. 

It was early evident that both sexes took substantial shares in Uie 
incubation of the egga. In order to learn in more detail how they 
divided the day between Uiem, I devoted about 63 hours to watching 
the nests during incubation. Keoords covering all hours of the day 
were made while my first pair incubated both their first and second 
sets of eggs and while my second pair were hatching out their second 
brood* I usually made continuous vigils of from 5 to 7 hours, begin¬ 
ning in the middle of the day, w atching until nightfall, and when Uie 
w'eathcr was not too adverse, resuming tlie vigil at the following dawn 
and continuing to the middle of the day. In addition to tlicse long 
records, a number of briefer observations were made in order to 
time tlie morning and evening nest-relief. Although the first nest 
was high, I watched it fi'om concealment. But the pair at Uve second, 
low nest gradually grew so accustomed to my presence that they showed 
no concern when I sat quietly beneath a tree in view of them. Wliile 
feeding their nestlings tiiey finally became so tame that I was able 
to photograph them at the nest, at close range, witliout using any 
form of concealment. 

The records for all three nestings showed substantial similarity in 
the division of the day between the maJe and female. There waa & 
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basic pattern of incubation; but this was subject to considerable varia¬ 
tion from nest to nest, and on different days at the same nest, Tlie 
fun^mental pattern was tliia: the female incubated every night and 
during the middle of tlie dayj die male took a long tiirii on the eggs 
in both the morning and afternoon. Each ser was responsible for the 
nest twice during tile cycle of 24 hours. But their periods of respon- 
sibility might be ijitemipted by brief absences, during which the eggs 
were left unattended. There is no reason to suppose that tlie female 
did not sleep continuously in the nest through the night; for the tjuet- 
^1, like other trogons, appears to be strictly diurnal in its activity. 
The variations in the daily program we shall now consider. 

Tho maic^quetzal began his morning session at times ranging from 
5: o2 to 7:27 ft. tn.; but he inclined toward the former hour as the eggs 
nenrEd the point of hatching. If he appeared early, the female might 
continue her long night session until he arrived to replace her. But 
usually she flew out still earlier, fmm 5: 35 to G: 00, and if her mate 
did not appear fairly promptly, she returned in from 5 to 14 minutes 
to await liim on the eggs. Tlie male's period in charge of the eggs 
duringthemorning was of variable duration; the diortestthat I timed 
ia^ed 2 houra and IS minutes and was continuous; the longest was for 
i hours and 30 minutes, broken by one spontaneous absence of 2 
minutes, and another of 31 minutes when he was frightened from the 
n«t by a passerby. One male took charge of a nest for 3 hours and 
Ij^nutcs with three short recesses totaling 33 minutes. 

The females midday period began at times varying from 3:21 to 
after 11:10 a. m. Since I usually watched from midday to nigiit- 
^and from dawn to midday, I timed in full only two periods. One 
at 2; 35 a. m. and lasted until 1 : 14 p. m., 3 hours and 39 minutes, 
bi^ken by a single recess of 7 minuti^, from 11to 11:10 a. m. 

19 ■ ‘‘5 at S : 21 ft. m, and continued until 

absetl/orn T' ^ interrupted only by a brief 

absence of 11 minutes, from 12:23 to 12:34, 

4*^ session began at times varying from 12:53 to 

^i^iunw ^ timed lasted 52 minutes, 1 hour and 

ruDted ^ ® ® minutes. All were uninter¬ 
short session! ^ ^ ^ be credited with one long and one 

On ft wet, mist-shrouded afternoon soon after her e« 2 s were laid 

^ i * to 5 i 68 p. m. But this was unusual As a rule, 

tile male sat until about 5:30 p. m., then left tin. j ^ 

.t «« , drived .h^n tr 
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nest 2. Her two evening returns which I witnessed took place at 5:30 
and 3:53. Tile other female entered at 6: 09, 6 :01 and 6:07, when 
tlie daylight was growing faint. 

Tlie noon-to-noon record of the first nest shows that the mate in¬ 
cubated a total of 7 hours; that of the second nest credits him with 

6 hours and 7 minutes, out of approximately 13 hours of total daily 
activity. 

Compared with other, smaller trogons, the quetzal sits for brief 
periods. The fundamental pattern of incubation among trogons is 
tlie same as for pigeons; there are only two shifts in each 94-hour 
cycle, the male sitting through the middle of the day, the female from 
the middle or late afternoon until the early half of the following 
morning. TJiis is exemplified by my records of the black-headed 
(Troffon m. mellanaeep^us) , graceful. Jalaps, and Baird's trogons. 
Because I usually begin or end my observations at midday, I have 
not often watched through tlie complete session of a male trogon of 
the smaller kinds. But once a male Baird’s trogon sat for exactly 6 
hours, without once showing his head in the doorway of his well-en¬ 
closed nest; he and his mate kept the eggs continuously covered. So 
did a pair of little graceful trogons in Panama, the noon-to-noon 
record pointing to uninterrupted incubation by the male for about 8 
hour^. The male black-hcaded trogon, sitting in his termitary, takes 
sessions of corresponding length; but he and Ills mate do not always 
wait for each other before going off to hunt food. 

In contrast to the female quetzal’s impatience to depart from the 
nest in the early morning, I have known a female Mexican trogon to 
extend her night session through the entire morning and until 1:10 
in the afternoon, never once leaving for food. A female Jalapa tro¬ 
gon sat continuously from 4:51 p, m. until 11:97 nest morning, re¬ 
fusing her mate’s offer to relieve her at the unusually early hour of 

7 a. m. Why the quetzal should incubate so much less assiduously 
than its smaller cousins is not clear, hfost trogons nest in lower and 
warmer regions. The Mexican trogons dwelt at a far greater altitude; 
but all were not so patient in incubation as the female to which we 
have referred. With other families, as witli the trogons, sizo has 
little to do with the length of a bird's sessions on the eggs. 

Upon arriving to replace the mate on the nest, both male and female 
quetzal would often, but by no means always, utter whining or nasal 
notes while perching nearby. At the same time they flash their white 
outer tail feathers w-ith a momentary fanning of the rectrices, then 
twitch the tail upward—a typical trogon gesture. Sometimes die 
partner in the nest would come fortli upon hearing the summons, but 
again it might disregard them. Its response doubtless depended upon 
how eager it was to leave. If the bird in the nest did not come forth. 
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the one arriving might fly up in front of the doorway, but always veered 
aside and went to a perch when it saw that the hole was occupied. 
This move usually caused the other to quit the eggs. At times, the 
new arrival would fly up to the doorway in this fashion with no 
previous announcement of its presence. Each of the males, but 
especially that of tlie second pair, was sometimes guilty of calling his 
mate fj-om the egg^, then flying off with her as she departed, leaving 
the nest unattended until either he or she returned to take charge of 
them. The female more rarely did the same thing. Thus there was 
no set ceremony of nest relief. Less closely synchronized than mated 
birds of many other kinds, one of tlie pair might come before the mate 
was ready to go; or one would go before the other was ready to oomei 
Yet in spite of inconsistencies, tliey managed to get through their 
three-shift day without leaving the eggs exposed for many minnte&. 
After incubation had well begun, the nest was rarely left unattended 
for more than half an hour at a stretch, although once both members 
of the pair at nest 1 were absent for 67 minutes, and on another occasion 
for 51 minutea 

For many kinds of trogons, tlie entry into the nest Is a very pro¬ 
tracted procedure. They cling before the doorway, peering cautiously 
from side to side^ often for several minutes, before slipping inside. 
If they espy something that excites their suspicion, they dart away to 
return a little later and go through the lengthy performance again. 
The quetzab entered in a less hesitant fashion, often hardly delaying 
in front of the doorway, or at most making only a brief survey from 
this position. 

Upon quitting the nest, the male, as already recorded, would some¬ 
times rise into the air in a flight display, shouting as he went I saw 
one of the males do this sis times, the other thrice. These spectacular 
flights were made at any hour of Uve day | one of the males left the nest 
in this manner when bis mate relieved him at sunset. Even when 
frightened from the nest by a passing man, the reckless bird might 
soar up and make himself conspicuous to all tlie neighborhood. Or at 
times he would give loud calls os he flew off, without rising above the 
trees. 

While I watched them, tlie quetzals were not often called upon to 
drive intruders from the vicinity of their nests. On April 10, not long 
after they began to incubate, male and female of my first pair joined 
in giving cliase to a trespassing female of their kind. Later, I saw 
this male pursue a blue-throated toucanet {Auiacorhynchu^ caeniki?- 
which would have enjoyed eating their eggs, and twice a 
tityra (TU^ra semifa^emta), which seemed to be prospecting for a 
nest cavity in the same trunk. Another pair of quetzals was worried 
by a pair of sulphur-beUied flycatchers (M^iodyn^^ ItUeiventris) 
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building R nest near their O’wn. Once while the male quetzal was 
brooding the nestlings, a strange female flew to the doorway, with no 
food risible in her bill. One of the flycatchers gave chase to her, and 
the quetzal, emerging from the nest, also dartecl at her, hut without 
touching her. She flew directly away and I saw her no more. 

Only at the second nest of my second pair of quetzals could I actually 
see the eggs and determine the pericai of incubation. Tlie nest was 
in a low, rotting stub in a shady pasture b^ide a little-used pathway. 
1 feared betraying its position to passers-by and through an escesa 
of caution did not set up a ladder and look in with a mirror until 
I was sure that incubation had hegun* At this late nest the birds 
began to incubate on June S4, or |KJS5^ib[y even on the 2Sd, and the nest¬ 
lings hatched on July 11, giving an incubatiou period of IT or 18 
days. This agrees rather closely with the periods available for other 
trogons: 18 or 19 for the Mexican trogon, 10 for the black-headed 
Irogon, 18 for the graceful trogon. 

CARE AND DEVELOPMENT OP NESTLINGS 

Lika other newly hatched trogon nestlings, those, of the quetzal 
bore no vestige of down upon their pink skin. TIreir eyes were tightly 
closed* Each bore s prominent white egg tooth near the tip of the 
upper mandible, which was slightly shorter timn the lower. Their 
heels were studded with the short, papillate protuberances typical of 
nestUngs that grow up in a nursery with an uncarpeted floor. Wlien 
I fir^ saw the two newly hatched nestlings, only a few fragments of the 
blue egg shells remained on tlie bottom of the nest. 

During their first few days of life, the young quetzals were brooded 
much of the time. They were nourished almost if not quite ex- 
clusiTcly with small insects; it was not until later that fruits became 
an important element in their diet. The parents at first kept the 
nest perfectly clean, removing all the droppings, which apparently 
they swallowed, for I saw none carried away in their bills. On the 
nestlings* fourth morning, I heard their mother scraping and scratch¬ 
ing in the nest, doubtless to dean it out. This attention to sanitation 
was eventually to be relaxed. Still, quetzale are considerably in ad¬ 
vance of their relatives in this respect, for the Mexican trogons, grace¬ 
ful trogons, and JaUpa trogons that I studied did not even remove 
the empty egg shells and the bottom of their nests soon became fouL 
When the nestling quetzals were 2 days old, the sheatha of both 
their contour and flight feathers began to push through their pink 
skin. At 4 days, there was slight changCi save that the nestlings 
were considerably larger and their feather sheaths somewhat longer. 
When they were 5 days old, their eyelids began to separate. At 8 
days, they could open their eyes, but moat of the time rested with the 


282 ANNUAL HEPOirr SMITHSONUN institution^ 194 5^ 

eyelids closed. On the seventli day after hatching the contour 
feathers of the body tvore brealring from the ends of tlieir sheaths^ but 
not those of the head* The young were 10 days old before the flight 
plumes of the witi^ atid tail began to push out from tlie tips of 
the shcoths, a day after the wing coverts had readied tlie same stage. 
The bill and feet were now becoming blackish. 

At this stage of development, the young quetzals always rested 
side by side on the bottom of their nest with their heads supported 
against the side wall and their bills pointing almc^t straight upward. 
They did not appear to be comfortable unless their heads were in this 
position, for even when removed from the nest and placed where 
they could find no chin-support, they held them turned abruptly up¬ 
ward in this fashion. From time to time, wlien they appeared to 
be hungry, they stretched up their necks and at the same time opened 
their mouths and sharply closed them again, making a snap* Evi¬ 
dently, like young motmots and woodpeckers, they took food from 
their parents in this harshj abrupt fashion, instead of holding their 
mouths passively open for the morsel to be placed in it in the manner 
of passerine birds* 

Up to their tenth day, the young quetzals were nourished almost 
entirely with animal food^indeed, I had not yet seen die parents 
bring them a fruit. On their eighth morning I was present when 
their mother came with a golden beetle auTigam) about an 

inch in length* Tliese coleoptemns are certainly the most splendid 
1 hare overseen^ they are among beetles what tlie quetzal is among 
birds. 

When the nestling queb^als were 11 days old, huffy spots began to 
appear on their wing coverts. When they attained the age of 2 weeks, 
their bodies were well clothed with feathers so long as they kept their 
wings folded- But the feathers of their heads had only tho day before 
begun to escape the homy sheaths. The contrast between the well* 
clothed body and naked head waa striking, find gave the little quetiaals 
ft somewhat vulturuie aspect. On theLr fourteenth day they were 
photographed for tim fir^t time. 

From this aga onward, fruits, especially those of the laurel family, 
became an increasingly important constituent in the diet of the nest¬ 
lings, and the large regurgitated seeds began to accumulate beneath 
them in the nest where the parents could not easily reach them for 
removah Still, they had kept the nest sanitary for almost fts long as 
young black-headed and Mexican trogona remain in their uneJeaned 
nurseries. 

When the young quetzals were 16 days old, their mother [>egan to 
behave in a most unaccountable fashion. She ceased to brood them 
during the nighty although they seemed scarcely old enough to be left 
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uncovered in that inclement treathor, and b; day fed them less 
and lees. In nearly S houie on their seTenteenth day she came only 
tJmee with food. On two of these occasions^ she waited dully in the 
poro {Erythriiui) tree in front of the nestj holding the morsel in her 
bill, until herniate arrived with food, and only then, as though stimu¬ 
lated by his example, did she go to the nest to deliver what she lind 
brought. Even the preceding day, ^ bad delayed nearly an hour, 
holding a green fruit until the arrival of the male caused her to take it 
into the nest. After this, I did not again see her in the vicinity. 

To the male quetzal, tlien, fell the whole duty of attending the two 
nestlings during their last 6 or 6 days in the low hole. With his 
plumage showing mimistakable signs of his strenuous activities and the 
long feathers of his train broken off short, he was indeed an Apollo in 
the service of King Admetus. He no longer brooded; but the young 
birds' cloak of feathers made this unnecessary now. If or did he clean 
out the nest. As a result the growing accumulation of big, regur¬ 
gitated seeds and other waste matter slowly raised the level of the 
floor and the little quetzals stood each day higher in the nursery, nearer 
the doorway, where it was easier for them to reach up for their food. 

From the flrst, the mala quetzal had been a constant provider of 
food at this nest. StilJ, he lid not feed very often; mfr^uent feed¬ 
ings are the rule among trogons. On the ueHtlinga’ seventeenth 
morning, he fed the two seven timeo during 4% hours. Sometimes 
he would bring one article of food in hia bill, pass this to a nestling, 
then return to a convenient perch and regurgitate s fruit, which in 
turn waa taken to the nest. The preceding day, for the first time, I 
had seen the parents pass food to the nestlings through the doorway 
without themselves going in, Kow they regularly (the mother until 
aha ceased to feed) delivered the meals while they clung in front of 
the entraaea (see pi. B) and did not pass through it unless the nest- 
iitiga were very sluggish about taking Tiourishment. When hungry, 
the young jumped or climbed to the doorway, where from in front I 
could glimpse them momentarily at the instant when they were fed. 
Their higher floor, as well as their increased size end strength, made 
this feat possible. The little birds now uttered low, soft whistles as 
Ihey awaited their meals. 

On the nineteenth day I again watfhed this nest for 3 houiB. 
From 6 to fi o’clock the male made only seven separate visits to the 
vicinity of the nest But on three occasions he rested in a neighboring 
tree after he had delivered the article he brought in his bill, there 
regurgitated a fruit, tlten went to the nest to deliver this, making 10 
feedings in all. This was not many, but he brought each time such 
substantial portions, always big fruits and frequently lizards; that 
the young appetites were soon satisfled. Already st half-past seven 
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the nestlings were sluggish in taking what their father offered them* 
When hnngry^ they would appear in the doorway and snatch the food 
in a trice; but when satiated they remained in the bottom of the 
chamber, making a low si/^ling noise as nourishment was presented 
to them. Then the male would enter nnd coa:^ them to swallow what 
he had brought. But even when he went inside, he was not always 
succe^ful in delivering tho morsel He would emerge, fly to a neigh¬ 
boring tree, and rest there, patiently holding the object in his bill 
for many mirmtes^ while the digestive juices of his nestlings acted 
upon earlier contributions. After o while he would go again to the 
nest with the same article of food, and at length when the nestlings^ 
hunger had reasserted itself^ he would succeed m giving it to one 
of theiTL 

Perhaps it will be of interest to record here the food of the two 10- 
day-old quetzals. From 6 to 0 o*cTock on the morning of July SOj 
the male brought them the following in sequence: a big green fniJt 
brought in his bill another in his throat; a small lizard; a small 
lizard; a big green fruit in the bill and another in the throat; an 
unrecognized object, which the nestlings were very sluggish in tak¬ 
ing; a lizard; and a larva. After delivering the last item, he regurgi¬ 
tated a fruit, which he offered repeatedly over a period of 20 minutes 
before a nestling found room for it. 

Altogether, the diet of the young quetzals, which reflected that of 
their parenta, was surprisingly varied. The edible objects T saw taken 
into this and other neata included; insects of numerous kinds, often 
green and of fair size, the most easily recognis^ed of which were the 
golden beetle (Pfu^taizs aurif^nn^) and even more numerous greenish- 
gold beetles of somewhat larger size (P, iimeardi) [tor the identifi¬ 
cation of these beetles T am indebted to C. H* Lankester]; green 
larvae; small green and yellow frogs; small lizards; small land snails, 
the regurgitated sheila of which were found in the bottom of the 
nest; the hard, big-seeded, green-skinned fruits of the ira To^a 
and other lauraceous trees. These last are struc¬ 
turally similar to the avocado but of course are very much smaller 
They became increasingly prominent in the diet as the nestlings 
grew older. Other trogons I have studied brought few or no fruits to 
their nestlings; this was true even of the Baird’s Irogon whose off’- 
spring lingered in the nest longer than these two quetzals. Yet the 
adults of most species include at least some fruit in their diet 

feeding of the young quetzals by their father alone during 
their last days in the nest Is not without parallel in my experience 
with trogons. La^ year, a male Baird's trogon seemed to be in sole 
charge of the nestlings from the time they were a few davs old. One 
penshed early; but the second lived to fly from the nest, ptacticailj 
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reared by its father. In this instance, I saw no evidence of gradually 
waning interest on the part of the mother; it seemed that she met 
some accidents 


TOE JUVENAL FLUMAGE 

The oonrse of feathering of the nestling quetzals and their partial 
change in color during their final week in the nest was most interesting. 
When we last glimpsed them,, they were 2 weeks old and fairly well 
clothed, except for their bends, so long as they kept their wings folded^ 
this they did habitually at this age* Their upper plumage w^as then 
generally of a dull blackish color, relieved only by the buffy spots on 
the wing coverts which had become evident a few days earlier. But 
from tlie age of 2 weeks onward, green became increasingly evident 
in their plumage. This change in coloration waa accomplished by 
the overlaying of the dull early plumage by brighter featliers of 
subsequent development. 

The feathers of the anterior part of the dorsat tract lagged far 
behind th&so of the posterior portion of the same tract Long after 
the latter had broken from their sheaths and spread over the surround¬ 
ing hare skin, the anterior feathers of this tract remained tightly 
enclosed. Only when the young quetzals were 16 days of age did the 
tips of these feathers of tardy development begin to peep forth from 
the ends of their sheathe. They were golden green in striking contrast 
to the plumage that surrounded them* At the age of 18 days, green- 
tipped feathers were tiecoming evident among the scapulars, long 
after the blackish feathers in the same region had expanded. Green 
tips then began to push forth from the sheaths on the sides of the neck. 
A little the two green central tail coverts fir^t became evident. 
Only on the nestlings^ twenty-tldrd day did I notice that green feather- 
tips were emerging from tlie lateral sheaths of the pc^erior half of 
the middorsal tract, a full 2 weeks after the neighboring, centrally 
located, blackisli feathers had begun to expand. Green feathers were 
also just beginning to appear on the foreneck. Whereas the blacki^ 
contour feathers of early development were loose and fluffy, the 
green-ripped feathers of tardy appearance had firmer, more cohesive 
wehs. The new feathers on the center of the back were a beautifxd 
golden green; but their concealed basal portions were blackish, like 
the whole length of the early down feathers. 

Thus, at the time of their departure from the nest, theyotmg quetzals 
wore a motley garb, blackish, brown, buff, and green, but with the last- 
named color giving promise soon to overshadow all the others^ The 
crown was dark brown, the hind part of th« head brown of a lighter 
shade. There were dull green feathers on the lores and around the 
«yes* The rides of the neck and upper back were goidan green. The 
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loNer back and rump were dull black, but with green fcatliere comiug 
in. The two central tail corerta were green, with black tips and brown 
subtennmal spots; the remaming npper tail corerts were dull black, 
with a brown eubtermlnal spot on the next to the middle pair. The 
tail feathers were still very short, but so far as visible the six central 
rectrices were dull black, whereas the outer three on each aide had 
white vanes and black shafts. Tlie wing plumes likewise were dull 
black, with buff; outer margins on all but the outermt^ these becom¬ 
ing gradually more prominent on the inner secondaries. The wing 
coverts were black, rariousl; margined with buff, except on the lesser 
coverts and the greater coverts of tho primaries. 

Turning to the under ports, the chin and throat were tawny buff, 
with some green f eathera 3 u st sprouting in on the f oreneck. The breast 
was buff with scattered green-tipped feathers, the flanks paler buff, and 
the center of the abdomen nearly white. The bill was black, the irides 
brown, and the feet plumbeous. 

These two fledglings, of unknown sex, appeared very much the stune 
as others I saw at a greater distancei Although they resembled neither 
parent, they were most like the female, from which they differed most 
conspicuously in the far smaller amount of visible green, the lighter 
color of tho chest and upper abdomen, the absence of red on tho belly 
and under tail coverts, and in many other less conspicuous particulars. 

It is instructive to compare the rate of feathering of the quetaal 
with that of other trogons. Baird's trogon offers the most illiiroinat* 
ing comparison, since it has an approximately equal period of nest 
life. The feathering of the young quetzals began on their seventb 
day and by their fourteenth they were well covered. But at the age 
of IS days, the nestling Baird's trogon of the lowlands is still in pin¬ 
feathers. A day later, these begin to ravel off at the ends, exposing 
the true plumage. By its sixteenth day, the nestling is well clothed. 
Thus it is covered with feathers only a day or two bter than the 
quetzal; but the shedding of the horny sheaths begins far later and is 
a much more rapid process. The same earlier escape of the feathers 
from their sheaths is evident in the Mexican trogon of the highlands 
as compared with the black-headed trogon of the lowlands. The con¬ 
tour feathers of the Mexican trt^on begin to expand at the age of a 
week and the little birds are well feathered when IS days old. When 
2 weeks old, young block-headed trogons bristle like porcupines with 
their long, unbroken pinfeathers; then a marvelously rapid trans¬ 
formation occurs and 2 days later they are wdl clothed and ready to 
fly from the nesL 

A similar acceleration of feathering in a cooler clirnate is revealed 
by the comparison of the highland blue-throated motmot {Aspaiha 
^darig) with the turquoise-browed motmot {Eum^mota gaperodiaris) 
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of the lowlands. During the month it rianains in the burrow, the 
nestling blue-throated motmot changes its color even more eompletely 
than the quetzal. At the age of 10 days, the little motmot, hatched 
naked, is already practically covered with loose, fluffy down, dark 
gray on tlie upi>er parts and tawny on the sides and flanks, Wlieii it 
it is 4 weeks old, its gray and tawny feathers are all covered over and 
concealed by green ones that develop mors tardily. On quitting the 
nest, the young motmot closely resembles its parents, which are not to 
be distinguished from each other. The exact details of this change of 
coloration are slightly different in the motmot and the quetzal; but 
the general process of overlaying tho dull feathers of precocious de* 
velopment with bright ones that expand later is the same in both. The 
turquoise-browed motmot of the hot regions undergoes no such altera¬ 
tion. The feathers do not begin to expand until about the tweiftli day, 
and the nestlings in developing plumage at once display all the deli¬ 
cate beauty of the adults; I am familiar with no other bird, quite 
naked at birth, that changes the coloration of its plumage in this way 
during the period it remains in tho nest. But it seems possible that 
in other tropica! species which begin to aoquire the adult colors aoon 
after quitting tl)e nest a similar process may occur. 

Since coloration in itself can be of no importance to the safety of 
& motmot in its nursery at tho end of a long, dark tunnel, and is prob¬ 
ably of slight account with a quetzal in a deep cavity in a trunk, one 
wonders why the nestlings do not array themselves in their brightest 
hues at the very outset. It seems important to those highland nest¬ 
lings that they early acquire a downy vesture to protect them from 
tho cold in their covered nurseries; but at the same time they guard 
their feathers of firmer texture from wear, keeping them enclosed 
within the horny sheaths until tho date approaches when they will be 
needed; for upon quitting the nest, both the quetzal and the blue- 
throated motmot enter a rainy world. The contour feathers of firm 
texture, which are not needed until later, are those which boar the 
green color, Tho change of coloration while in the nest appears to 
be incidental, and not in itself of consequence, save as on in^cator of 
other alterations. 

DEPARTLUB OF lUE NESTLINGS 

On the morning of August 1, when the young quetzals were S weeks 
old, I for the first time saw one of them stand on the sill of the door¬ 
way ; it looked out for a few minutes after the father lied giren it food. 
Two d:ij3 later^ I removed one of the young from its nursery find 
placed it on a log beside me while I wrote a description of its 

plumage. At first it made no attempt to fly. (Neither of the nest- 
lings bad tried to tise its wing on past occasions when taken from the 
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nest.) Blit after standing quietlj beside me for a it suiddenlj 
took to the air and Qew about 25 feet in a horizontal coarse, coming 
to rest upon anotlter fallen log- ^ITie fattier, 19 ho had been matching 
us from the p&rd tree in front of tlie neat, began to follow as soon as 
it began to move and darted down to alight close beside it on Uie log. 
After a minute here, he moved to a low perch a littk beyond* Then I 
approached to recover tha nestling, which unide no effort to escape mo. 

After completing the description of its phimago, I took up tlie 
jouDg quetzal to return it to the nest, I found the other In the door¬ 
way, lookiug out. As I mounted the ladder toward it, the bird flew 
for til and down the slope in front of the n^t. On this its first flight 
it covered about 150 feet in a slightly descending course, and came to 
rest about 25 feel above tlte ground in a small yoa tree. It flew well 
but slowly* The father, who meauwhile had i^tumed to the tree 
in front of the uest, darted after the fledgling and followed it closely 
on its first aerial journey, in the manner of parent birds of many kinds. 
For an hour, the young quetzal rested quietly on the branch where it 
had first alighted; and here the father brought it food. While perch¬ 
ing near it, he called many times in a clear but subdued voice, no louder 
than that of the Jalapa trogon. Meanwhile, the other fledgling, which 
I had left inside, bad climbed up to stand in the doorway of the 
nestj looking forth. At 11 o^clock, I left them in these positions^ 

Wlien I returned at a quarter to 2 in the afternoon, I found that 
tlie second fledgling had departed and was resting in the p&ro tree 
in front, where it repeated over and over a beautiful, low, soft wiiistle. 
The otJier, which had flown first, had moved farther down the slope 
and perched high up Ln a tree at the edge of the woods, liere the 
father brought it food and rested close by it when not away foraging- 
Although this fledgling wits given as much as it could cat, the other 
called and called in vain for attention. Yet its soft whistles carried 
faintly to the edge of the woods where its father perched- I watched 
all afternoon j it lingered in the paro tree, and the parent did not come 
neat it. 

At 5 O'clock, despairing of attracting attention where it had so 
long perched, the second fledgling suddenly took wing and flew down 
the slope in the direction where it had last seen or iieard its parent- 
It came to rest in a small tree and continued to call tirelessly* It now 
began to vary its whistles, uttering some which were longer and 
slightty sliarper than I had previously heard and olihers that sounded 
very pleading and xnouniful. Still no food was brought to appease its 
bunger. 

At a quarter past 5, the neglected fledgling continued doiwii the 
slope to the edge of the woods, where it came to rest upon a branch of 
B cecropia tree covered over with a dense tapestry of climbing bamboo. 
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But the other fledgling, accompanied by the father, had long before 
gone farther into the woods and neither was now in view. The 
abaudoued young quetzal continued ceaselessly to call, until at half 
past live the male brought the big green fruit of an ira^ which quieted 
its cries of hunger. For the next half hour, the parent, doubtless 
tired by a long day devoted to hunting food for hh diildren, rested 
quietly on a ueighboriug branch, without bringing auy additional 
nourishmen t for the fledgling. At G o’clock he flew into the woods and 
left the youngster alone ou the eecropla branchy where it stiD perched 
quietly in the gathering dusk and the light rain that was now falling. 
Here it passed its first rdght in the oiseru From the time of my 
arrival at a quarter to % it had received no food, except the single 
fruit brought to it nearly 4 hours later* I doubt whether its father 
had given it anything else since ilie fii^t fledgling left the nest at 10 
o’clock in the niorniiig, for, exactly as had happened with a brood of 
j\lex.ican trogons that I had w^atched fly from the nest S years earlier, 
he was almost exclusively occupied with the first to take wing. 

At dawn, I found the second fledgling on Uie cecropia bough whern 
it had passed the nighL The male arrived with food and led it deeper 
into the woods. Thus ended my long association witii the quetzals. 

Going to examine tlie deserted nest cavity, I found that during the 
last 0 or 10 days of occupancy, when the parents no longer cleaned 
it out, waste matter had accuniutated to the depth of 3V4 inches* The 
chief compKinents of this debris wero the seeds of the lauraceous fruit 
which the parents brought in such great numbers. These were ellip¬ 
soidal, measuring 1% by % inch^ JMixed w'ith them were the re¬ 
gurgitated shards of beetles and other hard parts of insects, a few 
snail shells, a few smaller seeds, and much excrement. 

The fledgling quetzals which forsook the ue^t at the age of 23 days 
probably left prematurely os a result of having been removed for 
photogiaphy and examination. The lowness of the nest, with con¬ 
venient trees in front, may also have oncou raged their relatively early 
departure. At my first nest, which was high and inac^^ossible, the 
parents were first seen to carry m food on April 21. On May 14, I 
saw for the Orst tune a nestling appear in the doorway. Two days 
later, both nestlings were glimpsed in the entrance at once* They 
departed between the Iflth and SUth, when at least 2& days of age. At 
the higher first nest of the pair whose second brood departed at the 
age of 23 days, food was carried in as early as April 19, while the last 
nestling departed on M:iy 30, indicating a nestling period of 31 days. 
Other available nestling periods of ti^ogons are: Mexican trogons, 15 
to 16 days, bluck-hcaded trogous, 10 or 17 daysj and Baird’s trogons, 
35 days. 
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Each of the three pairs of qiietaala to which I devoted most ntteD- 
tion i-earcd, or attempted to rear^ a second brood, inewbation of the 
first set of eggs began in early April and the nestliogB departed abont 
May 20- At least two of these pairs, and probably all three^ were 
gnccessful with their early broods. In June, all tliree were incubating 
once more* Tlie two whose 60-foot-high boles were still available, 
laid their second sets of eggs in the same cavity as the firsts I saw 
one of these, paii^ eleaning out the old nest, but how thoroughly they 
performed this task must bo left to th* imagination. The pair whose 
30-foot-high nest we had the inspiration to puH over, after the de¬ 
parture of the fledglings, laid again in a lower hole 60 yards distant 
from the first, where at last I whs able to see the eggs and follow the 
dovelopment of the nestlings whose history we have recorded. 

While he incubated the eggs and attended the nestlings, the male 
quet^hs ornamental plumes suffered severely from constant ffe:iing 
and from friction against the rough edges of the nestis single entrance* 
The wear and tear began to tell even before the nestlings of the first 
brood were old enough to get along without brooding. As early 
as April 30,1 found my second male sitting in his nest with only the 
short length of a single plnme projecting from the doorway to show 
that he was within. Most of the males, I believe, suffered similar 
losses by the time the first, brood was awing* The point where the 
plumes broke off was often a little beyond the tip of the tail proper- 
But at least one male proudly displayed both liis banners before hia 
doorway while he incubated the second set of eggs. Possibly he was 
a new mate of die female who attempted to rear a first brood in the 
same hole- 

On all my virite to their neet^ the parent quetzals had never darted 
at me nor made any display to lure me from its vicinity* They merely 
perched close by to watch, nervously twitching their tails or at most 
darting excitedly from branch to branch- In this they agreed with all 
other trogons I have watched at the nest. 

In no other region have I found the birds of nearly all kinds so 
fesi rless of man as in the forests of the more remote parta of the Costa 
Rican highlands. In this respect they differed greatly from those 
I studied in the GuateraalRn highlands, where the human population 
is relatively dense. The quetzals ware by no means the most con¬ 
fiding of the birds; yet I never ceased to marvel that such large, 
brilliant wild creatures shonld be at all times so bold in the presence 
of man- In sharp contrast to the behavior of some other birds I have 
watched, the quctaala" disregerd of the human presence became most 
pronounced while they attended their nestlings. With the exception 
of a pair of Baird's trogons that nested last year b the forest near my 
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housej I have found ^ th^ fimaUet members of the family far more 
wary. The quet^jils would as a rale go about feeding their nestlings 
while 1 stood conspicuously nearby. Both of the inale^ that I knew 
befit were at first trustful than tlieir mat^s^ but they grew more 
confiding in my presence ns we become better acquainted. The nest 
of one pair was in the same trunk 03 that of a pair of hot^ wrens 
{Troglod]ftes musc^us). The tiny, dull bro™ w-rens were far more 
wary tbftTL the great, glittering quetzals t 

When I took leave of the quetzals in August* after more ihau a year 
amid their beautiful but uncomfortably wet forests, they hod become 
as silent as when I first found them and they wore only the tattered 
remnants of their full plumage. 

SmfMAB¥ 

The quetzal {Phar&mjookru^ mocirmo)^ one of the most magnificent 
birds of the Western Hemisphere, has a long history of homau asso¬ 
ciation. Its plumes were used for persoual adornment by Indian 
rOYalty and nobility in pre-Columbian times. The bird is the emblem 
of the Kepublic of Guatemala, whose monetary' unit has Imii named 
for ih A numbcT of legends have gathered about the quetzal. 

The quetzal is an inhabitant of the lofty, humid forests of the Sub¬ 
tropical Zona, ranging from 4,000 io 9,000 or 10,000 feet above sea level 
in Costa Rica, some what lower in Guatemala. Where theae forests 
ora destroyed, the bird disappears. It is at present protected by law 
in GtiateniolOt but owes its survival largely to the inaccessibility of 
its habitat. While makmg this stady, the writer dwelt for a year in 
a part of the Costa Rican cloud forests where quetzals were abundant. 

The appearance of the quetzal is described from notes taken while 
observing the living bird. The female is except ion al among trogons 
in the large amount of green in her plumage. 

The bird eats many small fruits, which it plucks on the wing, in the 
manner of other trogons. 

Its vocabularJy is varied: n loud note, given in flight, was heard 
throughout the year; additional notes were heard during the mating 
mid nesting penods. 

In the breeding season, the male often rises above the treetops in a 
flight display, coiling loudly as he goes- No other trogon, nor rain¬ 
forest bird of any kindj is knoivn to make simitar flights* 

The quetzal is found in pairs in the breeding Ecason, and usnally 
singly at other times. Flocks have been reported, but no trogon is 
known to be truly gregarious. 

In the Costa Ricaa highlands, the nesting season extends from early 
April to July or August. Two broods are reared, where possible in 
the same nest. 
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The quetzal uesta in a hole rewuibling that of a big woodpecker, with 
a single round doorway at the top. Oid woodpecker holes may be 
enlarged to serve ifa purposes, hut at other times it appeai-s to eicawate 
a new cavity in decaying wood, male and female working alternately, 
in the manner of other trogons. Ko lining is taken into the cavity. 
The same hole appears to be used in successive ycai^ 

eggs are light blue; there are apparently two in a normal set^ 
Male and female share the duty of inciibation. Each takes two 
turns on the eggs in the course of 24 hours, the female during the night 
and the middle of the day, the male in the eifirly morning and late 
afternoon. There is considerable variation in the actual times of nest 
relief, even from day to day with the same pair; but this general 
ffihcme seemed to be consistently followed by the two pairg studied in 
detail. Each sex may interrupt its period in charge of the eggs by 
one or more brief recesses. The male sits about 6 or 7 houi^ each day. 
Qi^tznls incubate far less patiently than many smaller trogons. 

Upon leaving the eggs at the end of a tJm sometimes 

uses directly into the air in a flight display. 

The period of incubation is 17 or 18 daya, 

nestli^ are hatched with perfectly naked, pink skin and 
tightly ^osed eyes. The heels are studded with papillate protuber- 
ances. The pinfeathers b^in to push through the skin when they are 
about 2 days old. The contour feathers begin to escape their sheaths 
at about the seventh d.ay after hatching; and by the fourteenth day the 
young birds are well clothed on the bodv but not on the head. The 
eyelids begin to separate at about the fifth day, and by the eighth day 
the ejK can be opened. ^ j t j 

^ During the first 10 days, the nestlings were fed almost esclusi velv on 
insects and other small invertebrates. From this age onward, fruits 
became increasingly important in the diet, especially the large, hard, 
green fruits of the laurel family (Laiiraceae). The diet of the voung 
quetza 3 was amazingly varied, including beetlea and other ins^s of 
may ki^a larvae, small frogs, small lizards, hind snails, and hard 
fruits. Feedings were infrequent; but the portions were substantial. 

Jimpty egg shells were promptly removed by the parents, who kept 
the nest clean during the first 10 days or so of the nestlings’ life, in this 
respect d I ffermg from ot her t rogons. A fter that, waste mat t er began 
to ac^mulate. The big, regurgitated seeds forined the chief bulk of 
this debns, which raised the level of the floor inches, before iho 
departTire of fledglmga. 

One ot the females became inattentive while her nestlings of the 
scynd br^ were growing up. After the seventeenth day she was 
not seen at the uest. During the last 6 days in the nest, and so far as 
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se«n the departure of the the male was the sole 

attendanL 

The nestlings, dull blackish an the upper parts when fir^t clothed 
with feathers, became increasing]j green after they were 2 weeks old^ 
Tills was Rccompiislied by overlaying the down feaUiers by green- 
tipped contour feathers whose development had at first lagged behind 
that of others in the same traet. The ej^pansion of the feathers of 
highland trogons and motmote begins earlier than with their lowland 
xelatives but may be carried out more gradually. This appears to be 
an adaptation to the cooler climate of the highlands. 

Two nestlingsj which had been removed for photography and exami¬ 
nation, flew from their low nest at llie age of 23 days. In two higb, 
inaccessible nests, the nestlings remained for about a month* 

Tlie first fiedgiingto leave the nest received at first the whole atten¬ 
tion of its father, while during 4 hours or more the second called 
in vain for food. At the end of the day, the parent returned to feed 
the second fledgling. 
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THE StJN AND THE HARVEST OF THE SEA ^ 
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[Wltb 10 

Nono of the preceding Arthur locturea, of which this is the four¬ 
teenth, have particularly concerned themselves with the sun’s relation 
to life in the oceans and the food that man harvests from that abund¬ 
ant life. Those who attended tlie previous lectures or read them as 
published perhaps gleaned a few memorable facts regarding the sun 
and its importance in tho daily life of man and to the world about 
him, bat others may not yet have had these facts presentetl to them. 
Therefore, I beg to recall at this point a few facts regarding the rela¬ 
tive siEe of the suti and the earth, the land area of the earth as com¬ 
pared to the sea, and the sun’s output of energy upon which all living 
tilings ultimately depend. 

EBLATIVB SIZE OF BUN, BAHTH. iN'D SEA. 

Fabre, in his delightful series of little essays entitled “ITiLs Earth 
of Ours,” tells us that tlie sun, as compared to the earth, is enormously 
large—over a million times Inrger than the earth; that if the sun’s 
center coincided with that of the earth, it would reach about as far 
beyond the moon as the moon Is distant from the earth. The moon is 
some 040,000 miles removed from the earth; its diiuneter is 2,160 
miles. The sun's diameter is roughly 860,000 miles; that of the earth 
8,000 mils. Between the earth and the sun some D3 million miles of 
space intervene. 

From H. A. Manner’s informative treatise on “The Sea” we leam 
that the area of the earth totals approiimately 1157 million square 
miles, of which 139^ minion square miles (71 percent) are sea and 
671^ million square miles (39 percent) are laud. The greatest 
depth is 35,400 feet below the level of tJie sea; the highest mountain, 
Mount Everest, rises 39,000 feet above it. Though the average depth 
of the sea is only 3.86 miles (12,450 feet), the total volume of water 
in the oceans is XI times that of all land above the level of the sea. 

”'FoDrt«nii ATtim- l*rtnTi, ISt*" nna»f iutpliw o( th6 Bwllluoiiian iMtlhiClon 
V*nti e, IMS. 
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If all laud above and below the ocean waters were leveled off sromid 
the e1o1»i fiea water would cover the land to a depth of miles. 

THE SUN'S ENEHar 

Our weather, as Dr. Abbot lias ehown us Iq earlier lectures in this 
series, depends upon solar activity. Without the sun there wou Id be no 
winds, no evaporation, no clonds, no precipitation, no fog or tain, 
sleet or snow, no ocean currents, no springs or streams to return water 
to the sea to complete Uie cycle which fertilizes and irrigates the land, 
as well as the sea. 

From the sun the earth receives the energy which warms it and makes 
it a habitable place for living things, and which enables plants to 
grow, to synthesize, to utilize, and to store that self-same energy in the 
form of carbohydrates. This process, peculiar to plants alone, by 
wliich they can manufacture stacehes, sugars, and other substances 
from carbon dioxide and water under the influe nce of sunlight, is 
called photosynthesis. 

It has been estimated that the energy that the earth receives from 
the sun totals 240 trillion horsepower. For all its magnitude, thig 
figure represents just about two-bill lontlis of the sun’s total output 
of energy, which, boiled doivn to simple figures, on u good sunny day, 
amounts to 1 horsepower per square yard of the earth’s surface. 

A very considerable part of the energy received from the sun goEis 
into tliB maintenance of the water cycle between the ocean, atmos- 
phere, and land. In the conclusion of his study of this cycle. Dr, 
George F. McFweii,of the Scripps Institution, remarked, 

« ■ > annnol ijJ:«lpltalloij over all Ibe Dccaas Is 80,000 osMc mills, or 
244 naEta, If me valuibe of fbe uoata is IjOOO.OOO, end the saaual evii[iomtloa 
from the«?«in sariaw Is 80.000 cubic mJJes, or 272 uaii*. Tbiis a run-oKfrom Uw 
laad to the oceans of 0,000 cubic lailea, or 2S units, Is reauiretl to belnnw preclui" 
tutlDD onil cvaponitloo, iiud the whole process InvolTea aa expenditure of 500.000 
horsepower from ttio sun for every squAte mXlo of ibe earth's surface, • • • 

Five hundred tlmusand horsepower is perhaps the maximum peak 
load that our local power plant (Potomac Electric Power Co.) could 
possibly deliver; its actual steady delivery of energy is nearer 330,000 
horsepower. Thus, in order to keep the earth’s water cycle in motion, a 
power plant at least ss large as the huge Pepco iustallatiou at Ben- 
uing^ D, C,, operating continuously at peak load—which is impossi¬ 
ble—^is needed, one for each square mile of the earth’s surface, Aa has 
been already pointed out, there are 107 million square miles of surface 
to tire earth. It is inconceivable tliat man could supply the fuel for 
such a power network. Today you might quickly say atomic energy, 
not rMhzing the time, money, material, and plant size that is now 
necd^ for tlia production of a very limited supply of man-made atom 
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The sun^a energy, aa you may have heard, is atomic, resulting from 
the transmutation of hydrogen into heliuiu*^ We kno^ the sun gives 
up energy as hydmgeti gas becomes helium* The mechanism is per¬ 
haps unknown to us^ The smi spots are magnetic fields of tremendous 
size and power. Could they he solar cyclotrons sphtting the hydrogen 
atom! 

HYDEOP0NIC3. TERRESTRIAL AND OCEANIC 

The ocean htis been described as the world^s largest septic tank, but 
this concept is descriptive of a very small part of the marvelous or¬ 
ganic mechanism that is the sea. The comparison is based upon the 
activity of bacteria in ilie septic tank, as well as in the sea, in bringing 
about the reconversion of complex plant, animal, and mineral sub¬ 
stances for reuse by living organisms, ^tore apt, and permitting bet¬ 
ter visualization of tlie processes involved, however, is a comparison 
of tlie oceans with a sizable hydroponjcs installation. 

Such an installation was set up on Ascension Island by the Air 
Tnmaport Command of the Army during tli© we^r, when both the 
Anny and the Navy, by foiTe of circumstances, became hydroponics¬ 
conscious. On that largely soilless island so strategically placed m 
mid-south Atlantic on the principal tnilHary ait route from the New 
World to the Old, fresh vegetables were urgently needed in quantity 
for great numbers of men, men in transit and at work keeping other 
men, planes, and supplies dowdng in an unending stream to the Afri¬ 
can and mid-European theaters of war* 

£veu if garden produce or the foodstu£s to take its place could 
have been obtained elsewhere, neither the ships nor planes to move it 
were to he hud* Ships and planes were too limited in number to be 
diverted from the urgent war missions in other directions Hydro¬ 
ponics was the only possible solution of a pressing problem. 

To undertake hydroponics, the soilless culture of plunbs, or nutri- 
culture, as the more recent publications on Uic subject have it, on 
any comprehensive scale, a series of tanks or waterproofed troughs 
must be provided to held the nutrient solution in which the plants 
are grown. Gravity is the cheapest means of circulating the solution 
through the tanks or troughs if the insinuation is such as to permit 
it, os on Ascension IslamJ. In any case, pumps must be used to areate 
09 well as to return the nutrient solution to its original container for 
redistribution, whether replenished or not. In lieu of the soil in 
which the plants naturally grow, support of some kind has to be pro¬ 
vided, The smaller insttillations have metal or wooden racks in 
which the plants are embedded in excelsior or sphagnum moss or 
both, so that the roots will hang down into the solution in the tank 
below. In the larger instaEations the supporting medium may be 
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sand, cmdera> gravel, or crushed rock. On Ascension volcanic a^ or 
pumico used. 

The nntrient solutions of our land nr siiore installations arc made 
up of salts of the principal plant foods, calcium, magnesium, phos* 
phorus, sulfur, and nitrogeu, "with the addition of indispensable “roi- 
chronutrient supplcinents,^* chiefly iron, copper, manganese, molyb¬ 
denum, and zinc. With one notable esception, the composition of this 
nutrient solution is quite similar to that of sea water. That excep- 
tion is sodium chloride, which forms approximately 78 percent of 
the total dissolved solids in sea water. To marine plants in the usual 
rancentratious tliis salt is harmless, to land and fresh-water plants it 
is quickly lethal. There is no problem regarding micronutrient sup- 
plements in sea water, for all the supplements that are ever supplied 
land plants, along with many more, including at least traces of a 
mniority of the known elements, are present in sea water. 

In the Seven seas we have the iivorld^s greatest hydroponics set-up, 
With a limitless supply of nutrient solution immediately at hand. In 
the oceans, as in the hydroponics tanks, no plant growth is possible 
without the energy given up by the sun. Besides the nutrient m.'ite- 
rial^ in solution^ plants mii!^ liaTo unlimited supplies of carbon di- 
oxide and water for their photosynthetic processes. The land plants 
derive their carbon dioxide from the atmospliorc, their water from the 
nutrient solution. In the sen carbon dioxide, either as the dissolved 
gas or in the form of readily hydrolyzed bicarbonates, ia ao abundant 
as never to bo a limiting factor to plant growth. Wlien the nutrient 
fiolntioDs m the hydroponics tanks become exhausted the needed 
diemicals are added or fresli solutions made up and circulated through 
the tanks. In the sea comparable enrichment is brought about by the 
l^chii^ and erosion of the constituents from the land,* as well ns by 
1 e e® ^ prodiictg of tho bncterial decomposition of past genemtioiis 
of marine plants and animals and the breaking down of complex 
inorganic substances. 


All the plant foods thus released, replenishing the nutrient sea¬ 
water solution, are redistributed and circulated by currents powered 
in large ntei^iiQ by the heat of the sun and in part by the earth’s 
rotation, which likewise is dependent upon tlie sun’s attraction- The 
earths rotation al^ brings about pronounced upwellinga along the 
co^ of ^tdnents, notably the west coast of the Americas and 
B ^ Africa. These iipwellings, along with convection currents, due 

Prions bodies of water, 
bring tip otiier stdl untouched reserves of plant foods and dissolved 
gases for th e use of the plants in the photic zone. Thus the nutrient 
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solution is reiaewed and kept in constant circulation and is also 
aerated. Important adjuncts to tke mixing apparatus of the oceans 
are the drifts and tides, the vares and breakers, and the winds and 
storms. 

TH£> MEADOWS OP THE SEA* 

The plants which form the greater bulk of plant life In the sea 
are microscopic, swimming or floating freely but more or pas^ 
sively at or relatively near the surface. That this planktonic plant 
life is so very tiny is N^ature’s way of meeting the problem of deriving 
nutriment from a very dilute solution. The salt content of water is 
generally expressed in parts per thousand, per mille, instead of per¬ 
cent. It is a well-kno wn physical fact that the smaller the bo<ly, the 
greater tlie ratio of surface to volume. The greater the surface for a 
given body, the greater its power O'f absorption of the nutriment from 
solution as well as energy from the sun. Best known of these plant 
forms are the diatoms and the dinoflagellatos or peridinlans. They 
have been most intensiTety stndiod not only because they are so 
numerous, hut also because they can be so conveniently screened from 
the sea with the fine-nmshed idlken ton' nets generally used for 
sampling plankton. 

Less well known because of their very much smaller size are other 
plant forms which readily pass through the meshes of the tow nets, 
even though the mesltcs run os small as sixty-four hundredths of a 
millimeter. We siwak here of the coccolitliophorids, the yellow 
algae, ns distinguished from the yellow-green diatoms, which under 
ordinary circumstances seem only to be caught by accident in our 
silk nets, Tiisy are obtained for study by centrifuging sea water, or 
by running it through filter paper. By some investigators the role 
played by the coocolitliophorids in the economy of the seas is con- 
siderecl at least as important as their larger relatives, the diatoms and 
peridinians, along with a uddely distributed true green algalike 
plant, J7a2^Aera viridit. In the Antarctic region this plant is one 
of the dominant forms of planktonic plant life, standing next in 
importance to the diatoms. 

As the plants in the hydroponics tank need support of some kind, so 
also must the marine plants be supported in their nutrient medium if 
they are to remain within the so-called photic zone. This zone com¬ 
prises that part of the tipper levels of the sea to which the sun^s light 
ond radiant energy penetrates in sufficient strength to permit photo^n* 

■Jfot menUoMd ar* tli* hIric df tlie UtfoT»l ia«*^ ls«}tTdlDa tb4 l»Ipa and Um- 

dDKtlcije i«rsmMiuD. RDd Ibe hl«hef forms of laarlns plsnw sot* ■» tbe eel pieBa of 
BortherD wolers tnd tbs tdrll* ailiss of eoOlbrm WItera, All pier Import I rolf* IB the 
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thesis to take place. Though the blue-riolet rajs of sunlight may be 
detcaed at depths as gi-eat as 500 fatlioms^ and green light somewhat 
lower dowii^ the red rays, tlie most effective photosynthelically, are 
probably all absorbed in the upper 250 fatbouis. At just what depths 
photosyuthetic activity may still ba possible for marine plants is yet 
to be definitely determined^ but surely for (Jie diatoms it must be very 
limited to at most 50 fathoinSi even under the favorable 

diTumstancea. 

’When the phytoplankton sinks below the level where photosyn- 
Ihetic activity is no longer possible, it soon perishes. Eemaiiving 
alloat w ithin the higher levels of the sea, therefore, become a matter 
of life or death to all planktonic plant life. 

Living tiiaiter is heavier than sea water. Its higher specific gravity 
must be compensated in some fashion if sinking is to be retarded. 
We find many adaptations among murinn plants designed to achieve 
this enjj the storage or retention within the body of lighter materials, 
such as oil droplets, various fatty substances, and even water of a 
lower saliiiity than sea water, and the inclusion of air or gas iii 
vacuoles^ Hard parts are usually drastically reduced* By the devel¬ 
opment of projecting horns or branches or bristlelike structures, by 
taking on a bladderlike or float like form^ or by the forming of aggregs- 
tions, ribbons, or chains of individuals, surface area is increased and 
with it the ability to remain afioaL Here again small size is of greivt 
advantage. Just as reduction in botly size increases the ratio of sur- 
face to volume and facilitates absorption, so a high ratio of surface to 
volume retards siukiugj e&|;ecialiy in a solution as heavy and viscous 
as sea w'akr* Some diatoms take on a slender rodlike or bilrlike form 
which also facilitates floating in a horizontal position* Vcrticallyt 
sinking would be tliereby accelerated, except for a further adaptation 
to overcome this tendency. These slender forms aie either a little 
curved, or have sloping or oblique ends, so that in pressing against the 
water in sinking, the diatoms are rapidly turned back to a horizontal 
position* The horns witli which some dinoflagelktes are provided are 
also bent in order to keep these organisms bremdside on, retarding 
sinking. The dinoflagellates, as the name implies, are provided with 
a pair of flagella with which tile plant can propel itself after a fashion. 
Most coccolithophorids are also flagella ted, motile forms. 

The various floating forms of plant life are found in incredible 
jiumbera over wide expanses of all oceuiia and form tlie so-called 
meadows of the sea. Not in kiml, but in the manner of tlieir culture, 
they correspond, for the purposes of our discussion, to the plants 
grown hydroponicany. 

From time to time investigators have made estimates or contributed 
remarks regarding the abundance of the phytoplankton in areas with 
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irlilcli they have been concerned, chiefly in the North Temperate Zon^ 
where some of the world’s greatest fisheries are fouiii On the basis 
of a very rich diatom haul in Kiel Bay, the marine biologist Brandt 
calculated that the estimated 1* *^ cubic meters of ’trater that passed 
through the silk net on that occasion contained about 9,000 milliona 
of diatoms, or about 6,000 per cubic centimeter, Hensen, working 
in the west Baltic Sea, estimated the average number of diatoms 
in that area to be about 45T mitllona per cubic meter, or 457 per cubic 
centimeter. Apstein foimd the commonest species of dinofiagellatcs 
to be less numerous than diatoms, but that, even so, they occurred 
at Urn rate of finm 1 to 10 million for each square meter of the surface. 
In tlie Skager-Bak, in Norway, Gran estimated on the basis of another 
rich diatom haul that there was at the time an avemge of 228 million 
diatoms per square meter of surface in that body of water. An 
American, Peck, as the result of a quantitative study made at Woods 
Hole and in Buzzards Bay, chiimed a total of some 420 mUUon diatoms 
per cubic meter of sea water for some of his largest catdies. Herdmon 
and his associates, working in the Irish Sea, have made many interest¬ 
ing contributions to our know-ledge of marine biology. Th^ tell of 
several notable diatom catches made with small nets in brief tows, 
netting on one occasion 150 miliions of ChiUtoe^fu and on another 
160 millions of Rhizosotenia. Moore, from a study of the carbon di¬ 
oxide consumption of the phytoplankton of a IG-squarc-niile area 
of the Irish Sea, estimated that this area produced on the overage 
2 tons of dry organic matter, equal to 10 tons of moist TCgetation 
per acre, a yield that does not compare unfavorably with the yield 
of cultivated land. Bigelow, in his report on the plankton of the 
Gulf of Maine, figuratively throws up his hands at the futility of 
calculating the abundiiQce of phytoplankton, saying that, liVhen 
such numbers* as I have listed as examples are expanded from the 
tnfling hulk of a cubic meter of water to cover the 36,000-5quarc- 
roile area of tlie Gulf of Maine north of its offshore banks and to a 
stratum at least 20 meters thick, they become too vast for the human 
mind to envisage.’' 

In general, the chemical composition of the crops of the sea m not 
BO very unlike average meadow hay. Diatoms, the niost studied con¬ 
stituents of the phytoplankton, show about the same proteid and fat 
content, somewhat lower carbohydrate content, but considerably more 
ash due to their siliceous shells; the peridinians very doscly approxi¬ 
mate better than average meadow hay in proteid and carbohydrate 
content, though falling a little below in fat and ash.* 
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UABlNQ HEKBIVQEES AND OAENIVDBES 


Any attempt by man to harvest directly the mkroscopk plant life 
forming the meadows of the sea would be aa impracticable as to 
grow forage hydroponically for meat production. Fortunately, this 
will never become necessary, as nature has provided herbivorous ani¬ 
mals specifically adapted to grassa those vast oceauie fields and to con¬ 
vert their forage crop into animal focal acceptable to the higher and 
more carnivorous fonns of marine life, as well as to man himself. 

The marine herbivores, as well as tlie marine camivores that prey 
on them, are well adapted to moving about in their watery environ¬ 
ment. All are motile to a greater or less dcgreei the protozoa or 
single-celled animala are ffagelJated or ciliated, as arc the Jarvao ol 
most marine invertebrates, or provided with pseudopodia; some, Jilce 
the Jellyfish,squids, and octopi, are after a fashion jet-propelled; most 
Crustacea have oar- or paddle-feet for locomotion %rhen they are not 
strictly sedentary or ambulator forms. The marine vertebruteSj as a 
rule, have powerful toils to drive them forward, assisted bv fins and 
flippers used also for balancing. Most, if not all, of tlie varioi« adap¬ 
tations for facilitating flotation in plants are repeated in one form or 
another in the animal life of the sea: expansion of the body; the 
development of bristles, setae, and horns; the storage of oil droplets 
and fatty material j and inclusion of gas or air m the bladdeie of certain 
fishes- 

The number of grazers on the meadows of the sea is also a measure 
of the productivity of those fields. The principal grazers are the 
Crtistacea, foremost among which in numbers and in consumption of 
phytoplankton are the small relatives of the shrimps known as the 
copepods. Various estimates have been msde of the abundance of 
eopepods, The North Sea is believed to support from a quarter of a 
million to a million per square meter of surface. For the West Baitio 
Hensen estimated a totnl of something like 80,000 per cubic meter or 
80 to 100 billion to each square mile of surface. Gulf of Maine aver- 
ap reported by Bigelow ran from 6,000 to 500,000 per square meter 
of surface. His record catch of eopepods was obtained in the course 
of a 15-minote vertical haul, July S2,1010, from 40-0 fathoms. The 
net on this occasion yielded about 6 quarts of largo caJanoid eopepods, 
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roughly 2,600,000 mdividuals, chiefly OaiaTtus finm^chicus^ th»& 
domLnajit copopod in the Gulf of Jlainep The abundtmce of this 
species makes it the most hnportant North Atlantic consumer of 
marina plants on the one hand and the most valuable food for the larger 
carnivorous marine anmiala^ both mYertebrato and vertebrate, on the 
Other* According to Far ran , in the path of the I^abrador current along 
the coast of North America finmarchhm forma in the sunimer 

months n rich belt which is at least 500 nnles wide off Newfoundland* 

An evaluation of what copcpods mean in terms of diatoms fijid peri- 
dininus has been made by Johnstone. He found that while it took 
from 300,000 to 600,000 iixtpepods to make 1 gram of dry copepod suh- 
stance * an equivalent mass of dry phytoplankton material required 
C75 miiliona of specimens of the diatom UA^ietoc&ras or 42 to 66 mil¬ 
lions of peridinians. On this basis 1 oopepod contains about ae much 
substance as X35 pcridiukns or 1,037 diatoms. The dry suhstanco of 
1 peridinian equals that of 12 dintoinsL 

Coming hack now to the Gulf of Maine, where Bcdfield restudied 
the distributioii of the calauoid coituiiunity in and 19M, we learn 
that the average haul for all sectors of the Gulf and for all cruises 
consisted of about 40 cubic centimeters of '^dry’* ^ plankton. This, if 
the area of the Gulf be taken at 36,000 square miles, according to 
Redfield^s figuree, would Indicate a total population of primarily 
crustacean grazers aggregating some 4 million tons* Copepods pre¬ 
dominated aiuoug the crustacean growers making up thk immense mass 
of animal matter nurtured in that body of water* Yet the cupbausid 
shrimps must have formed no ineonsidemble part of that massp 
Though flgures as detailed as those aveilahlB for the copepod grazers 
are not at hand for the euphausidsj it is known that m various places 
they occur in almost equally great numbers* Bigelow speaks of sev- 
end half hour surface and vertical hank from 60 to 100 meters which 
returned 600 cubic centimeters of zooplankton, ''chiefly euphaurids.^ 
8* L Smith and Verrill have told of the 3 %varms of euphau^ids in the 
Eastport region ^'filling the water for miles ” and of tha occasion when 
they were so abundant among the whanres at Eastport that they could 
be dipped up bv the quart. From a study of the food habits of certain 
fishes and whaler, euphauaids are seen to be as important as copepods 
in converting the ocean-s pasturage into food for higher animals, car¬ 
nivorous and omnivorous- 

Most animals feeding directly on plant or animal plankton are 
equipped with or strainers, which enable them to strain these 

small organiams from the water* The filtering apparatus in crusta¬ 
ceans, which include the eupbausids and copepods, is made up of 

^ Dff wcl^t Id tbtl laitanpi H twa^d npoa m rompUldJ flwlffmtrf 
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appendages richly supplied with bristles or setae; in the fishes the gill 
rakers and in the whalebone whales the fringes of the plates of baleen 
serve the same purpose. Other filter feeders are found among the 
shellfish, such as the oysters, mussels, and clams, and among the lower 
chordateSp of which tlie pelagic forms, such as the salps and appendieu^ 
larians, have filters so fine and delicate that they strain out iJie cocco* 
lithophorids for whose successful capture man must centrifuge tJic 
water or employ filter paper. 

The structure of the apparatus determities the type of food ingests 
by the filter feeders. The great majority of the copepods, as well as 
the euphausids, have their filters adapted to the capture of pliyto¬ 
pi a nkton^ In the piankton-^fceding fish there is a nice adjustment 
between the armature of the gill arches constituting the water-strain¬ 
ing mechanism and their food^ Firist and foremost among the plank¬ 
ton-feeding fish are the clupeoido, or the herringSj and their relatives, 
the menhaden, sardines, alewives, and shad. Bigelow bos remarked 
that the menhaden ^has no rival among the fishes of the gulf [of 
Maine] in its utilization of • * * pelagic vegetable pasture; nor 
19 any other local species possessed of a filtering apparatus comparable 
to that of the menhaden for fineness and cfliciency, though in Kuropean 
waters its relative, the sardine, feeds equally on microscopic plankton 
as well 03 copepods.” As fine-straining as the menhaden^s sieve may 
be, it is unable to retain coocolithophorids. The herring’s gill rakers, 
though they may retain masses of tile larger floating algae, seem 
particularly adapted to tile capture of copepods, their chief source 
of food. 

The mackereT, with somewhat widely spaced spines on the gill 
rakers of the first gill arch, may at dmes pick up more or lees phyto¬ 
plankton if composed of fairly large species. Like the herring, the 
mackerel has a sieve more especially suited for the capture of 
copepods. 

Differentiation in filter mechanisms determining feeding habits 
extends also to the various apecics of whales. The finback and hump- 
back whfiles, with mthcr coarse and comb like fringes, feeds largely 
on fish, herring, and sardine, and on the larger zooplankton, particu¬ 
larly euphausidsi. The pollock whale, with “uitusnallj fine and corly^ 
fringes, almost wholly bristles, and the right whaie, with ^'silk-fine’’ 
fringes, strain out plankton aiiimnls as smell as copepods, which 
Boinetim^ are exclusively their food, though at times they feed on 
euphausids either aloug with the copepods or when the latter are 
unavailable. 

In Ihe whalebone whales, the food-carrying water is taken into 
the mouth and strained as it is forced outward through the fringes 
of the baleen plates by the tongue as the mouth is closed. In the 
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fishes, on the other hand, the food is strained aa the vatcr passes 
bnckitard through the mouth between the gill rakers and out of the 
pill openings. The amount of food found in the stomachs of vnriotis 
filter feeders examined by investigators is prodigious: a small cope^ 
pod 'ivfis found to contain 190,000 diatoms, a herring, 60,000 copepods, 
a Pacific humpback whnie, from 1,500 to 3,000 pounds of sardines, 
besides a miscellaneous lot of smelt, anchovies, hake, shrimp, and 
squids; and a blue or sulphur-bottom wlmle, which has coatse-frlngcd 
baleen plates like the humpback, but takes no fish, over 300 gallons 
of euphausids. For a blue whale to have as much as a ton of enis- 
lacenn remains in its stomach is no novelty in some of the larger 
specimens taken in the Antarctic. 

Filter fecdei‘3 are not the only marine carnivores. Indeed, they 
are the chief sustenance of many other carnivores. Tlie herring is 
an importmt source of food to many inbabitantg of the sea. It is 
preyed upon by innamernble fish (rockfish, cod, haddock, pollock, 
hake, albncore, and dogfish), squid, whales, seals, and porpoises. The 
eggs and young of most fish, including tlie herring, constitute a source 
of food for many predaceous creatures, including the glass or arrow 
worms, the pelagic worm, romop/eri*, and the pelagic ampbipotl, 
Eutheiiiisto^ jellyfish, and comb-jellies. The glass worms, in tum, are 
jireyDd upon by whales, herring, mnckerel, salmon, and medusae. 
Tire adult herring retaliates for the injury that ToToopteris does to 
its young by making this worm part of its dietary. Euthemiito fur¬ 
nishes food for Diore animals than has been hitherto realized. Copts in 
Bmilett, who saved tbs stomachs of many animals that be collected 
in tlie Arctic regions, found that Eath&mhto was eatoti in quantity 
by tho suipbur-twttom whales, ringed nrd harp seals, and cMlfish. 
llackcrcl have long been known to relish this nmphipod. Though the 
common mackerel is largely a filter feeder, it frequently eats other 
smaller fish—herring, menhaden, anchovies, silversifies, and the snud 
lance. The latter at times has been found also in herring stomachs. 
Feeding on tins tnnekeref in (urn are sharks, which are said to be their 
worst enemies, cod, bJuefish, porpoises, whales, and squid. The larger 
relatives of the mackerel include Uie tunas ond the albaeores, both 
voracious caniivores. Tho salmon at sea are wholly carnivorous. 
Even among the copepofis there are some carnivorous species which 
prey on their inofiensive filter-feeding rclativesL 

Though some of the more important groups of marine herbivores 
have been briefly discussed, only a few of the many marine camivorea 
have been refen'ed to. It is believed, however, tliat this discussion 
will give some idea of the foo<l relations of the animals and plants of 
the sea and of the ultimate dependence of the nnimalB, through the 
intermediation of tlie plants, upon the energy given off by the sun. 


306 liSPORT SMITHSONIAN INSTITUTION^ 1^4 6 



FiGUEE 1*—Food of the P^ciac benriri^, Clup^a paJlaMi. In tfaEa 

gr&ni complex ntlntloDs o£ the varlouB ccutriDo aiihnalB And planta filtering 
into the diet of lierrlns are Mt forttL The arrows point to the food eateu* the 
eoild llaea Indicating that comwned hertlng^ the dotted lines Ihftt conamned 
hj other antEnalsL It hae not been possible to flgnre all the anlmnLH and plsnix 
mentioned In this dfagramp hot most of them will be mmitioned, doserlbedp or 
hgured in one or more of the works tiited Ln the selected hlbllograph^i page 
(CouTteey of G, H. Wallee, from the Vanconvtr Mnfienm Notis^ 



Fiotrsx Zr—Food relaUoaa and enemies of the Bockeye saHaun, Onc^rfiynchu^ 
In thta dla^mni the oomlilex relations of the marine aiitmolG aod 
plants entering Into tlie diet o£ the Balmon, aa well os the speelea of aptmals 
peering upon the aalmoo, are set fortb. The ArrewB point to the food eateo, 
the floUd llnet Indicating that eonHiamed hy sairaon, the dotted lines that eon- 
aumed hy other anlmaLB. It has not been posalhle to flguro all the animals and 
plantj JuetiGoncd in thli diagram, but mcuit of them will be menUoned, de^ 
KJrihcd, or Pgnrcd in one or more of the worhe dtod Ln the selected bibliog- 
raph7, page SiO. ICOnrtoar of G. El 'WaJleiB, from tho VancouTer Muaeom 
Notes.) 
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These relationships maj be best revieiFed in diagratninatic form. 
To that end, three diagrams outlining them are here reproduced. The 
first sets forth the food relations of the Pacific hen^'mg. It is par¬ 
ticularly to be noted that herring at all growth stagey in addition to 
whaterer other food they may consume^ including some algae, feed 
to a very large extent on copepods. These, in turn^ deriTo their sus¬ 
tenance almost wholly from diatoms. Not indicated in the dingram 
are the animals, including man^ which prey upon the herring. 

In the second diagr-sm attention is called to the marine phase of 
the life of the sockeye salmon as an example of the food relations 
of a fish wholly cftmivoToua as an adult. Plant food does not directly 
enter into its dietary. Man is not here eliown as an enemy of the 
sal mom 

The third diagram is both a summary and an amplification of all 
that has lieen said regarding the relations of the sun^s energy to 
the life in the sea. The input of solar energy is indioated, but not the 
“taka" that constitutes man^s harrest of the sea* 






FioufiE a.—DiJiaram jsh&wSDs tbe mnEn featiupes of the Sntcrrelatloap of inmrlne 
orsanlEmB, bott plantB and nnlmala The stTeml TolumeB Indicated are rtot 
baaetl on computation and ^oold be considered «* bcia^ only very rouglily 
pmpDTtlunii] and presented only as an aid to tJie risnallMitloQ of conditional 
The Toinme of plants Is Indicated as Krealer than that of anlmalo, wberean 
actually there seasens when It la leas. (From The Oceana, by STerdmp# 
et El. ConrteHy Prentlc^Hall Inc.. piO^lisbera,) In tho dlagmni Is Indicated 
the contribution of ftolnt ener^jy to the economy of tbe aeflp ns well aa the role 
played by bacteria as reconverters of organic aad Inorgaiile materials. 
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TEtE HAHYEST OF THE SEA 


As space limiUtions have prevented more than a brief mention 
of A few of the marine plants^ grazers, and carnivores, so tliey also 
preclude here all but a few statistics concerning the hiirTest which 
man takes from the sea. Accompanying these figures are diagmin- 
matic Eunkiiiaries of the Pacific salmon and the wotld^s herring fish* 





FianKE 4.—World pfodDCtlon of berrlos. 

European production, Incladlnf icelaad^ 3,000 oiilUon iiouadH, 
Eusteni ™at of North America, 225 Gtniloii poutiiJA. 

Weatero coast of North America, 33 miniDzi pcuod& 
Ja^iaoese produciloii, 700 mllhoa pounils, 

Siberian production, nokoown. 

(Couneoj Fish and Wildlife Sen1c&> 


cries b^use they pertain to fishes for two species of which food rela¬ 
tions diagrams are given abo%*c. 

As great aa these gmpliically presented harvests are, perhaps the 
most spectacular it, the harvest resulting from the whale fisheries of 
the world, which in 1938 accounted for about 5S,000 whales of all 
kinds. The principal product of this harvest is whale oil, which had 
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in the more normal years a market value of between 19 and 20 million 
dollars animally. This same fishery for each of the 8 years previous 
produced on the average 30,000 whales per year. 

The world participates in the tuna harvest. This, in noitnal times, 
amounted to 675 million pounds of fish, of which the United Stated 
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share was 23 percent. The salmon represent the United States most 
valuable fisheries resource, in 11H3 exceeding in value the ongmal 
purchase price of tlio Territory of Alaska more tlian eightfold. 

The halibut harvest in Atlantic waters over the years droppetl 
from a previous high of 14 million pounds to its present level of about 
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1 million^ but the loss in that area has been more than compensated 
by the great increase in the yield of the Pacific halibut banks^ whichj 
from relatively amall tegiimings before tJie turn of the centuiy^ 
reached a high of 6& million pounds in 1915 with unrestricted fishing. 
Today the annual harvest is nearer 50 million pounds under regulation 
which has resulted in a catch per unit of gear llS percent greater 
than in 19S0. 

nimong the fisheries of the Western Hemispherej that of the Pacific 
sardine or pilchard is outstandingp It is the largest in the hemisphere, 
averaging today 1^000 miUion pounds a year. It accounts for n^rlv 
25 percent of all fish caught in the United States. 

Of the lowly oyster, the American harvest alone totals 39.8 million 
pounds of oyster meat, equivalent to 100,360 beef cattle in edible flesL 

The total eupitalized value of the United States fishery resources 
alone is $5,655,000,000. The total world production of fish is esti¬ 
mated at 13 million tons, or 20 thousand million pounds. 

At One time or aitotlier surely we all have made tlie acquaintance 
of cbd-liver oiL We know its source, its high medicinal value, and 
are aware that it has long been familiarly called bottled sunlight 
Whether we believe it or not, modem research in tlio field of vitamins 
and irradiation of foods has proved that statemeut to bo literally tnie^ 
h nun the sun to the oil extracted from the cod^s liver is but one short 
step* 

As the sun ecta once again at the harvest*^ end, it may be a little 
less difficult to understand the utter dependence of the eca^s abundant 
harvest on the mu than was possible at the beginning of this brief 
discourse. 

SELECTED BJBLlOGJlArBY 

Aafiot, O. G, 

mai. Solar raUlatloa. Ohio State UdIVh Bull, voL 34 No. 4 pci. 403-110, 
a™ l~It. (Alfio In Ana Hep. Smithsonian Inst,* 1032, pp. 

8 Aga., a plB,, l&3a.> 

Bioelow* H. H 

102ft. PlnuUton of the ofT-flhore waters of the Gulf of Mnine. BnlL tJ. i- 
Bur. Fish., toL 40, pt 2. pp. Cfj. 1-207, (Oontnlns verf 

complete blhUasraphv ULrongb 1025, > 

CiAOtte, Ll 

1A39. The nryUatlon of solar ener^V aqiiiillq orgaiUsons, fa Problems of 
Lake Biology, Aiaer. Assoc. Adv, ScL, Puhl. No. 10, pp, 2r-34 ftgs. 1-2. 

Comte, Er EL 

loss. Ufe Id the sea, W<A. MnntiL, voL 46* April and May, pp. 229-S22 and 410- 
4S2, llintftrated. 

HiSDMx^K S]i William. 

11:>23. FouQikrs uf oeeaDography and their work. x]!h- 340 pp, London. 

iNIEfilOS, U. S. OF TUT. 

1W5. riBhcry resonrws of the United States 4 iKw. 51, mu Cons., Irt 
Bess., 1 t+ 1 B 5 pp,, lUoBtrated. 



SUN AJTD KABVEST OF TKB SEA—BOMlitTT 


311 


Jti^STDNp ElLUX. Sr 

103Tr Sim raj^ anil ploot AjaUr BU?p. Smlttisfliiiao IbsL, 103^ pp. 853- 
371. 8 tga., A pifl, 

Jaioa 

10(18l CocLdlUoDB of life In tho eea. 3 Elr+^ pp.. 31 figs. 

JOHTTBIOI^ James, Scm, Astjkew, anfil ChabwIck, Hekpcft C* 

1024, The mtii^cLe plankton . , . A handbook for atadehtA ami amatL-ar 
workera. i?l+l&4 pij^t £0 pla. LoDdoii+ 

H. A. 

It330. The ma. 312 pp.. 45 flj?A New York, 

MumtAT, Sm Joa^fl, and Hjoar, Jobak. 

1532. The d€!ptlis of the oc^d. n+SSl pp.. frontlspleoe, iniip^ 575 B 
pi a; London. 

STtTSON, HaIOAW TeUK. 

1W2. Solar radiation and the state of tiie atwospliere. Sd. Month-, toL 54, 
pp, 513-528, flga 1-lL (Also In Ann. Rep, SmlttmOalan Inst, 1342, 
pp. lEl-171. 8 ap,. 4 plfl., 3043.) 

BmiEE, AJxSUt. 

l9tL Leitfndm flfir Plaoktonkiiudc, xv^.382 pik., 1 iL, 2T0 flgs. l^lpcig. 
SvEumrPi B. U.. Johsms, Mabtiei find FixiaKu, Bicrabd H, 

1M2, occaoa, and their physIcK, eliemlstiy, acd general bloleg;'. *-[-1087 
pp. 283 Oge.. 7 cbarts. New lorit (CSentnliis cemprehenslTe blblt- 
ograplif iQ port thnongli 1941-) 

WAlLEfi, O. EL 

1829. The aiarlne Eoo-plHiikton ot British CJelmabla. Moa. and Art Notea, 
toL 4.13 pp VnncouTer. 

ZoBxll, CIAtma E, 

1046i. Blari&e microbiology. it+U-IO pp., frontispiece, 12 DfB. WalUnun, 
HfiSS. 


EXPLANATION 07 PLATES 


Put* 1 

Hydroponics InstallRtlon on Ascension I^and, covering BO.OOO aqnnre tot of 
gronndt with wtadbreahs and fiuttfibedca. Center photograph ahows the ^pe 
of waterproofed concrete trotigha that were built They were rtnstractcd on 
nerere] lerela. to fadlltote the grarlly flow of nutrient eolhUf“ ™ 
higher to the lower levels. From the lower end of the ^tom the »lutIoiii 
were Dtunpeil hack to the higher level for recIrculaUon, with reiilfniBlunent of 
nutrient solntlons ae reqalred. In foil prodacUoP. lettuce, hsiiatj^. wram- 
hera, green peppers, redtahes, beans, and other grecM were talscd In qunntKT, 
(Courtesy Army Air Forces and Purdue tJnlvcralty.J 

PlATE 2 

Ufpd; Sample of diatom-rich phytoplankton In wbhfb a TsSSlSrito 

represented: Louderio elacialit, the large dlaltllhe totma; 

SSl^f tiny boxlike dlutonut of which a ^w laolntct salmons pre^ 
the drcDlar lace view; CAoetocerus, chalus of long-bristledJ^Eeraljy i^ 
tn^l^cetla; RhtWfoIeniB, etont-pclnted rodllke for^; and Thataa^thr^ 
tii^tolelcs, Blentef needles. AU t^ctojllatoma, eltoer ln^l»^ 
dlTldually dominating samples, form 

Loweb: Sampla of phytoplankton dotnlaated hj a p^nglQ —m-iJ 

rtivm^lso a ^lien of RAtoiotol* and one foreshurteaed disk repre- 
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putE a 

Urm : Semple domlnat<4 by the grwia elgnllhe plact, NaloipAaers «trl«Kt, iHtb 

a few r^eiiiliniana, loJiffipes, from q Eurfiaco haal moda oS SbeE- 

burner Nota Beotia. X 40. 

L&wEi ; ^aiplA of midwinter pbjtop]anktE:io from tbe Inner port of Masaacbpsetts 
ai]p\ dominated bj^ the ilLHhiLke dlntoui, Cotclnodiscus, togetbcr with a few 
bristled ^Jiuefocero«, peridlaiuDSp Ctralium frfpuip aod a few colcrocopejiKKla 
X 40. 


Fejtx 4 

Umat Sample nf pbj^toplantton dominntad by tbe ocwnte dEotoM, Cloeforer^j 
densum, a surface bauE from the west side of tbe Gulf of Uaine X 1^. 

Lowkr; SacnpEe of pbytoplnnkton domlnnECd by tbe ^lender rodlMee diatom, 
RhitQiolfnia ^^Ufdna, tPrlucling ObO spetimoo of a boraed pertdinlEm, Froni 
Bouth of Bdarthn'a VIceyanl. X iriO 

Tbe tUntooLs In these two photogrnpha Bhow tbeir speolfle fldaptaHoPs for 
ftoiatlop, tbe JJAicMo/enfa by Eta aiearter, roaillte form pnd obUnue ends, the 
CAae^ooeroi by Its development of brlsUea and tbe formation of cbainB. 
<Seep. 3lXJ.> 

(Botli pbcitoi^raphA from Elf^ow, eoortesy IT. S. Flsb and Wildlife Service,) 

Plate Q 

Uffeb : Ratber monotonons sample of phytoplankcoD conslsLlnt; almost wboTly of 
the homed perldlnlan, Ceraf ism IripoM, with ocmaloDnl V. fuius, Ferfdlnism^ 
and some developmental stages of oopepoda. Surface bo nl from off Cape Cod. 
X about 25. 

Ldiveh: Sample of zooplankton domlnaled by herbtToroas copepoda, Ca^oniu 
/tamqrf^iicuj and other ^teelos, and eupbou^ld shiimpa, TAytonoestSp wltU 
one gfriss worm. Trkken tn lertlcal biml from lOO-O meters, over tbe EOntb’ 
west slope of Oeori^es Bank. X 4. 

These pladographs wHl give some Idea of the relative filze of peridlntai^ paBtur 
a^ nnd the gmsers whtrh fen^ npon St 

(Both pbotographa from Bigelow, courtesy U, S. Piih and Wildlife Service) 

Flati 5 

nFfEK t Sample of sooptank ton dominated by tbe pelagic berbivorotis eapbaosld 
ehrlmp, f Apianoeua lon^iciradaifat along with the copep^ Ca^«inns ^amnr' 
oil ley t, two prodaceoui plaaa worms, SuffiHa and one nnked, ehell- 

Iess pteropod molliiFkH Clioae liwocirra, rellBhed by plankton-feet!Eng whales 
wSion domino ting the planktoor From a vertical bnnl from 100^ meters off 
Shelburne, ^;ova Sentia, X 1.15. 

Lowo : Zooplankton domlnaled by the predawTOB glasa, or arrow, worm,. Sofff/fti 
veiT defttmeuve to enpepods and tbe and Jorrae of fish. From 
a vertical hanl from 00 meters In Mnsaachn^tg Eiiy+ K 1.75. 

(Botb pliotogtapha Irotn Bigelow, courtesiy L\ S, Fiah and Wildlife Serrlce.) 

Platte T 

Vpm: Sample of an nnnsnulTy rich catch of baddock eggi, Including one of the 
giasu worms, EaffUta elcpans, known to prey upon tbem, a flingle pteropod 
tPolliiBk, fiimflclBa rcirotma, and sereral Vaian%M and other copepods, 
fTOiu a surface honl over the easlem part of Croorgea Bank. X 4. A Blogte 
femnle hnddock may spawn aa mnoy ns lOO.SW esgs, 

I^weh: Sample of racber nalform zoaplinktoo consbitlng almost wholly of the 
cepepod Calami /iiimu from a vertical bnnl from 30-0 metere in 
AIys?>nchusetts Bay, X 3.75. (CoiPpare with photograph of same apecles 
at higher teagn! dent Ion. pt. 0. lower.) 

CBotb pbotograpliB from Bigelow* conrieay U. S. Pteh and Wildlife Service.) 



bun and hahvest or tee bea—schjutt 


313 


Flat* 8 

Upper: Snitiple of a cbloflr liertiToroua plaottod tcjnnuinlty, lareelr copeiirtiB. 
tbfti'omMrtl Cotf/nw* /foitiawAfcM pretlntnlnnilng, wlib anoj* C. App-srirtreua 
and EHt-AatfW and Uie eunlmiisl'l al»rta»p, TA|f*®ao«*»q, toictlier 

wiib aerornl ciirttiTiiraiia foniia—tlie K^^oa vvona*, Supltia elegant, tna 
pebidc woric, Tomopwrts, aod two small jelif DSb. AplaarAtt. From a y^s- 
t leal bn Dl frotn 200-0 mPtars. X IJS. 

Lowem; SamiOe of BooplAnkton coasisttnj almost -wholly of comb-jPllisa, the 
clonopbore pteufobrachia with an admix SOTO of hflfuofle larta^ 

Enlunua in the so^Bliod frce-swlmtoHig nnuptlua itogc^ taken la a terUeal 
luaE In 40-0 meters erer Brown's Banlt* X 1,5. 

(Boili pboiosniphs from Bigelow, eourteaf U- 3. Fish and WllalUe BerTiea)' 


PlATB 0 

nmea' Samole of anoplanlnoo dominated by Jtieenllea of the ampliT[^ Fufhe- 
minto, n eery ♦ornelnua, dirroiirer of P'pepods bfti! In him llie of Inreep 
carolrorea. A aiirfne* hntil ffiwn the sn-utb slope of Oeorgm Bnali. X 0, 
Lowes: Sample of Moplankton «mslatlng alinnst «tctualTely of the large wpei^, 
calsnn* lInMnrrhrcuf. tiie mwt Iniporfant of the small herbieores of the 
North Atlantic area. Tills la a portion of the most prodaettre ™icb of 
Cninnut yet mnde In the Gulf of Blaine, s bnul fiom wbleh an estimated 
2^410,000 ropppnits wWf fuben olf Cnpe Cod fmra 40^ v 

(Both photographs from Bigelow, courtesy of U» 8, Fish and EfiUlllfe Berrlce.j 


PlATX 10 

Food strainers of certain plankton-feeding (teh and whales, 
a rorthm of bronchial sieve of menhftden. Brcooorffo (yrsasM. X K. 
b! rortlon of hrsncbliil sieve of herring, Cftpea horengut. X 25. 
e. Fortlon of brnneblal sieve of mackerel, BeoMber acombnit. X 25. 
d. Portion of mtirglnnl fringe of hnleeii plate of pollock whalei Balaen- 
opfCTw horeeifi. from Onlfof Mfilne. Nsturnl sEse. 
c. Portion of marginal fringe of baleen plate of finback while, Bslaeit' 
opfera boreafii. from Gulf of St. Lawrence. Nntnra) size. 

(Prom Bigelow, courtesy U. S, Fish nod Wildlife Serrice.) 
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AXTHROPOLOGY AND THE MELTING POT^ 


Rt t. D. STLWAjrr 

Ph^sitnl Anihropoi^pif, U. 


. , + Anierka CmcliblOi tbe grf-at Melting-irbcne all uf 

Europe are meltitig aad re-f<?ftEilng I • • • Here you Htand la your 50 g«5ui«» 
Viflth your 50 lansuBgca and histories, and your m Wood hatreds and rlTstrlcfi, 
Bat you won't be long like tliatp hrothers, for IhOK are the Uro^ of God- . , « A fig 
for your feuila and vendettas I Germaas and Frenohaiea, Irlabmen tail Engttah^ 
niea, Jews and Ro£ii^laii«^JarQ the Crucible wlib you all I God Is amklaj^ the 
Amerlaiiu 

• • * the real American haa not yet arrlvedL He is only lu the Cmclhle 
• ■ • he will be the fusion of all racesv perhaps the eoTning sapermau,^—Froia 
Meltirtff-ftot: Jt Brama in Pmr Act*, hy Israel ^ogwllh 

INTaODUGnON 

One of the outstanding phtaiomenu in the field of human hiologj 
during the nineteenth century was the rapid population growth of 
the United States By 1900 the population of continental United 
States had increased more than fourteenfold." In Europe^ by con^ 
tmstj France had failed to double its population and Belgium alone 
had attained a threefold increase. Stating this eompamon in another 
wajj at the beginning of the nineteenth century important 

European ooiintry, even including Spain and Turkeyj exceeded the 
United States in number of inhabitants; whereas now only the 
U. S. S- R, has a larger population. 

To a considerable extent this remarkable rate of population growth 
was due to an attendant phenomenon of human biology, remarkable 
itself for scale, namely^ immigration. Between 13M when it got 
w'eli under way, and soon after 1020 when it practically ceased , over 
38 million immigrants arrived in the United States. This accretion 
from foreign souj::ce$ is about equal to the total population of our 
country in 1370 or to that of France in 1895. It is eo^ to see, there¬ 
fore, why at the height of tills period of immigration (1006) Israel 
Zangwill, the dramatist, was led to coin the metaphor ‘‘‘nielting pot” 

of tte nUHQi pniickqt of th* Authropflloclcal SiKittj of WaAlDctoRw d*- 
liTtriKl tbt SAfl'&tj on tli« ffvnnlfiic ot Apr IS, 104^- 

*3acli |qtrwdb:Cti^ry ftutcmept* am kMcd oo tt* oHnai pnMIcntloni ia (if 

IdbUW’lpliy at tb# eiad- 
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and thus to cliaract^H^ the United States as the place of the atiinl- 
gamatlon of mces and of mores. 

Owing to the almost total cessation of immigration about 1920^ 
onr foteign-born are now as a whole a rapidly aging popnlation. 

Whereas in 1920 about 15 percent of their number were under age 
35, the figure was only 4 percent in 1940. On the other hand, the 
proportion at ages 65 and older almost doubled within this period^ 
from not quite 10 percent in 1930 to 10 percent in 1040." 

The growth of the population of the United States baa been af¬ 
fected not only by a century of unprecedented immigration^ but also 
by a differential birth rate as between foreign^ natire^ rural, and urban 
elements. It is well known that the foreign-born at first had larger 
families than the native-bom. Nevertheless^ thei.^ has been a steady 
decrease in family siiCj botli in the population as a whole (fig. 1) and 
also among the foreign-bom (fig. 2). The average ahso of family 
in l7i)0 was 5J persons for the area covered by the census of that 
date; in 1000 it had decreased by 1 person (5.T to 4.6)^ both for the 
area covered in the first census and for coiitmenfcal United States as 
a whole; and in 1940 it had decreased still further to S.15. 

That urban birth rates tend to fall below rural has been shown 
by the ratios of children under 5 years of age per 1,000 women aged 
SO to 44. This ratio is known as ^effective fertility,” Between 1800 
and XP30 for Uv© United States as a whole this ratio dropped from ever 
900 to under 400. Yet in 1030 effective fertility for the farm popu¬ 
lation as a whole was over 500 and in one isolated county in Kentucky 
it was still over 900,* * The tendency of many foreign-bom peoples to 
avoid rural areas and to congregate in cities may be a factor in the 
rapid lowering of their birth rate. 

Hie net effect of these and other more involved factors is a gradual 
slowing down of population growth in the United States. According 
to a conservative recent prediction, made on the basis of the censuses 
up to and including that of 1940, the population of the United States 
should level off at around 184 millions about the year 2100 (Bg. 3).* 
This means that, if the present trend continues for another century 
and a half, natural growth will cause tlie population to increase only 
about 50 millions mora. 

Although we have seen the virtual end of immigration into the 
United States and are aware that the natural increase in the popu- 

* StflUitieml KctrotiOlltaD Life Imnratictt June 5945. 

* Sm Lerlmrr Oifboriifc ll>34. 

■Rack Id laip EAym^Dd frAFl asd hli nmoditn flEt^ a 1o£lHt!c crrrrv to cenim 
ciCpQDtfl tram ITBC to IPlC. Tbdr pivdlcttea of iLe fmtinlfLUDD pnrod ta tw Ih erevH 
of tgnn hf Ifl HDH!* !n A tt»oia*and ; It tanat In I&30 hf 2-5 paiti In 

B. l&^QAand <ln : ond If %r#ni Wide Cf tlie mmk la 1040 fST.S jiarti Id A ti&TiBand 

la tJCC#*!?. This trroT roar tiro l>e«a diae In part t& til# dmage Is IrainlgTatleD pH'llcJ, 
Tka lAttat pr#dl#llou takea thca# tr#nda lata aeeoPf^t. 
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FmoBE 1.—Cbamge tn average slse of ffciaUlefl, ITftO to 1840. (Based on censas 
Spires for tDe resiiecUre ^earsL) 
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latioR is slowmg, we know surprisingly little about the American 
physical type that is evolving* In support of this statement I shall 
review the racial elements tliat have entered into the American melt* 
ing pot and also the efforts made by physical anthropologists to 
sample the product. 

Americans, as Hooton has said, may be divided into five classes: 
1, Real Americans, otherwise known as Indians; 2, Old Americant; 
and 3, new Americans, both of whom have been born to Americanism; 

4, immigrant Americans, those who have achieved Americanism; and 

5, Afro-Americans, or those who have had Americanism thrust upon 
them. For lack of space the first and fifth of these classes will not 
bo considered here.* 

PEOPLING THE UNITED STATES 

Before ISOO ,—^Fortunately for our purposes, the national origins of 
the peoples coming to America, and accordingly the implications of 
their racial background, are well documented* This is due largely 
to the fact that a provision for census taking is included in the Con* 
stitution and consequently that the first census of the entire Unit^ 
States was taken in 1790, or nearly 10 years before the first census in 
any European country except Sweden. In this first census the names 
of the inhabitants were recorded, but not the places of birth. Hence, 
tho proportions of the various European nationalities comprised iu 
the population of the United States at that time have been woirkcd 
out from inspection of the names* In general, 82.1 percent of the 
names are English, 7.0 percent Scotch, 5,6 percent German, 3*5 percent 
Dutch, 1*9 percent Irish, and all others less than 1 percent* Thus, 
although the early settlers were predominantly (91 percent) from 
tho British Isles, there were goodly numbers of Gennans and Dutch, 
and small numbers of still other nationalities. However, there was 
not a uniform distribution of these nationalities even at the beginning, 
for the Scotch show a concentration in Pennsylvania, Virginia, and 
tho Carolinas; the Gennans in Pcnnaylvania, Maryland, and Vir¬ 
ginia ; and the Dutch in New York. 

Incidentally, the late A)^ HrdH^ha designated the descendants of 
this early population as Old Americans, and this explains Hootonls 
use of the term as appears above. According to the original definition* 
Old Americans include those whose ancestors on each side of the family 
were born in tho United States for at least two generations. At the 
time Hfdlifka was working (1910-1934) this meant in general that 
all the ancestors on both sides of the family were in this land before 
1830. 
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After 1800 . —To this early population, itself conceived through 
immigration and grown during 2 centuriee to around 10 million, was 
added during the century beginning in 18S0, aa already mentioned, 
3S million more through immigtation. This stream of foreign-born 
varied in number and composition from year to year {fig. 4) . In the 
fluctuations are mirrored the history of Europe and the United States 
during this period. The peaks show when America was most inviting 
and the troughs reflect the wars and depressions. And finally, after 
the immigration acts of IDS 1 and 1924 setting quotas went into efiect, 
there is a rapid falling off in numbers. However, since the present 
quotas aro based upon the numbers of the different nationals resident 
In the United States in 1890, that is, before the immigration from 
soutlicrn and eastern Europe got under way, they have insured that 
moat of the small number now being admitted come from those coun¬ 
tries that contributed the hulk of the early population. 

Now it is one thing to know which nationals participatod, and to 
what estent they are TCproscnted, in the great period of immigration, 
and another thing to know how these nationals have become dis¬ 
tributed in the general population of the United States, Of course, 
there ate well-known concentrations of foreign-bom in various locali¬ 
ties, such as Germans in Pennsylvania, Poles in Connecticut, Scanda- 
navians in Minnesota, etc., but where else did these peoples go and in 
what numbers? Some idea of this distribution is given in the census 
recordings of the different nationalities by States. As an indication 
of what has happened to two of the foreign contingents (Irish, Itnli* 
ans), I have plotted on outline maps their numbers in percentages of 
the native white population and by three census years (ISSO, 1910, 
1940). For example, in 1940 there were 3,408,744 native ^V^utes in 
Massachusetts and only 114,362 foreign-born Italians. On the other 
hand, in ISSO the Whites in Massachusetts numbered only 1,320^1 
and there were in the State at that time 226,700 foreign-born Irish- 
Thus, the relationship of these two foreign-bom elements to the native 
white population may be represented by the percentages 3.35 (Ttaiiaiis 
in 1940) and 17,17 (Irish in 1830), respectively. 

In using the native white population as a basis of comparison I 
have had in mind the population being affected by the immigrants. 
However, I rcnliae that this gives a rather distorted view when the 
figures for 1880 are compared with those of 1940. Tins is owing to the 
fact that the native population has increased during this period. 
Because of this fact a group such as the Italians, that immigrated in 
large nnmbers only after 1890 (cf. fig. 4), does not show the concentra¬ 
tions of a group such os the Irish, that came in greatest numbers before 
ISM. In the eiample cited above, had the native white population of 
Massachusetts remained constant from 1880 to 1040 the Itelians in 
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IMO would appear aa S+66 percent instead of 3.35 percent. Also, of 
course, if a State has a ainaU native population, a relatively few for¬ 
eign-bom will show up as a high percentage, whereas in a popuJoiis 
State only a very large number of foreign-bom will produce this 
same high percentage. 

Glimpsing the record of each of these immigrating nationals in this 
way (figSw 5 and 6) , which is comparablB to looking at random fram^ 
from diffei'ent moving picture reels, we get impressions of a repeated 
story varying in minor details. Essentially — and this is true also for 
English, Germans, Swedes, Poles, etc.—the £ame nationals have tended 
to go to the same parts of the country decade after decade, although 
the distribution differs for each. The northern and western European 
I>eopIcs, among them the Irish, came early, as already pointed out, and 
the soutliem and eastern European peoples, among thfiin the Italians, 
came late. However, in both m 1D40^ nearly 20 years after 

immigmtion was drastically curtailed, few remain in the category of 
foreign-born. Henceforth the foreign-bom will be a very minor 
element in census records. 

Xow, again, it is one thing to know where the foreign-born have 
settled and iti what proportions, and it is quite a different thing to 
know what has become of their doscendants — now native-born. In 
most cases, and certainly it is true of the descendants of northern and 
western Europeans, the second generation born in America is already 
indistinguishable eulturally and physically from the d^endanta of 
Old Americans, Lacking stigmatising foreign trait*?, there aiu few 
limitations on travel within the United States. Although we have no 
detailed records, we know that there has been an increasing internal 
migration in recent year^. Using the State-of-birth data in the census 
reports, it is possible to learn not only tlie birth sources of the people 
living in each State, but also the destinations of tlie natives who had 
moved away from the State, The differeuco between those born out 
of a particular State who are living in it, and those born in the State 
who are living out of it, while not a complete measure of the net 
interstate migration, is a useful migration index. Ohvjouslyj depend¬ 
ing upon the direction of this inigration, the index may be positive or 
negative. The positive changes in population calculated in this way 
for the periods lt>00-1910 and 1920^1030 are shown in figure 7. 

During the last depression and again during World War 11 internal 
migration, especially to California, reached tremendous proportions. 
This b vividly illustrated by the following quotation from a popular 
news weekly : ^ 

Ttie wftfttward wnrtlme nitgratlon whlcU had iDtreased CaUfomla'B papulation 
froBi to 9,000^000 hy was growing teavlGr* the fact 


* Tine UMSnilibe. A&rtl IB. IMS, p, i3. 
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FrcUBK 7—Direction imd rate of lotornnJ migration In tlie United Statea In two 
recont decades (From Tliomthwalte, 1&34. pL ft.) 
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tliBt Gftllfomla was Jammed to Uie last fibaiUc aBfl trailer, g83,25a oeople inJ 
arrived by antomabile alone tn tbe flrst 2 months of tbe year. And they were 
no Innser jnst the a^ed from Iowa. golDg west to dtt Many were young and 

^ 'wartime pou of aerrlce men ata- 
maed to CaMornla shovir^ that 52 percent wimt^d to stay them. 

Obyiouslj this iiitcni|d migratioQ hoa served to break up and mix up 
many heretofore stabilized conimumties. One result of this is that 
^tb the latest foreigu-bom and the inbred deacendente of the older 
foreign-born are mariying more and more out of their national groups. 
As long ago as 1931 in “An Ethnic Survey of Woonsocket, Rbotle 
Island, We^l found tliat, whereas in the fit^t genomtion bom in 
toJS country intermarriage amounted to only 12.1 percent, by the third 
(and 3>^) generation, it had reached 40.4 percent. She found also that 
Irish and British rank first in marrying out of their group. By 
comparison with these, French Canadians are slow to intermariy. 
J ews seldom intermariy.” [P.109.] 

In this connection it is appropriate to return to the dramatist Israel 
Zangwill and to quote a pertinent statement which appears in the 
appendix to the 1914 edition of his play, “Tlic Melting-pot”; 

[Reli^ona] ^scords. witli the prevalent aaS Scmlttsm and his own 

Pwerre the Jew even Id the “llelttEff-pot," » 
that h^ dIasolaUon must be Dccesaarlly alowsF than that of the similar aziffwii- 

brolten-off bits of Qetmiuj. Italy or 
cTBiiitaTi V hiw. theaters Ui Gemma, Italian or Polish, these colonies 

iwmTna o their vemaculara, even when Jeaiaitsly cherished, 

, American waceptlons of Hfc; whue In the third 

2^ denL hT? r* ^ ''*"*^***’- pro^ has 

rmsldent nf dEsUngulsbed an AmcHean than Dr, Charles Ellet, ex- 

and of the cont^u/l prophecy of Jewish Mlldsj-lty in America 

and Of the^Whutlon of Jmtflism to the world's future la more optimistic than 

Dr- midt^lnte to the atUI onmelted heaps of reclal Ztter, without 
aas^tl^-^rithoogh he la a chemist—that their semhlance of solidity Is only 

the base to replace those 

As we have the door was slammed about SO years ago. And 
available evidence seems to bear out this prediction: the process of 

recial i^alg^ation m America is speeding up; the crucible is roaring 
Jute a closed furnace. ” 

STODTINQ THE PHODDCT OF THE MIXTOSB 

?«»»« now phymeal anthropologists have been trying to 
discover toe American physical type that is emerging as the croduct 
of the melting poh To evaluate properly the studieslade th^ far it 
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IS necessary to consider the European groups entering into the mistiire*^ 

Diveriity in Europe^ —As Boas pointed out in 1922: 

It would be error to a^ume that tbe IntenuLogUDg aC dEfferent Euroj>efla 
CToopd la a unique bletorlciil pbonomeDon wblfb baa uerer occurred b&fore. On 
ibe contrary, all European natlonaJItlcs are highly complex In orlffln- Elven those 
moat seduded and rcoeirEiig the least amount of foreign blood at the present 
time bat^e lu past tlmea been imder entirely dEfferent eondltloua 

IfV>r example] In Great Britain • ■ • there la * • * dear evidence 
of a large oomber ot wa^ea of migration. In preblstorlr times we ^nd a long- 
bendi:^ typOt quite dEfferent In appeamm^e nnd Ln enstoDoa from a later round- 
headod type With the bcgLnning of htfitorlc timet we ol^erro irst Boioan eolonP 
saElou, tben wUToaof migmtiou cutering Gn?at Britain from all parts a£ the North 
Sen, from ScaudinnTln dnd nortboni Germany^ and, finally, the Inflnx of the 
Nowana With this event extended migration ceased and the popnlatlon of the 
Island was gradually welded Into the mo Jem English. 

The long continued siablUty of European populations which set In with the 
begEnnIag of the Middle Ages and coatlaued, at least In rnral dlatrlcta^ tiutll verj 
meat tlinoa^ has bronght about a large nmount of Inbreeding In every limited 
dlatrlcL [Pp. 1S1-1B2, mi 

Because of such a hi story ^ Europe^'s peoples present great physical 
diversity. For instancOj stature varies on the average in different 
parts of Europe over T inches^ the tallest people being in the north and 
west (fig. 8) ; head shape vari^ over 15 index units, the roundest heads 
being in tile south-eonter and east (fig. 9); and pigmentation ranges 
all the way fcom light blond to dark brunet with corresponding strati¬ 
fication from north to south (fig. 10), Accordingly, the early immi¬ 
grants into the Dnite«.l States, being from the northern and wcatern 
parts of Europe, were predominantly fall, long-headed blonds; whereas 
the later comers, being from the southern and eastern parts, were 
mostly short, round-headed brunets^ Of course, there are exceptions 
to this geUDruliatition. 

STUDIES UNDER OOVeBN:HnNT AUBFICXa 

—Hero in Arnerica comparatively little effort was 
made to study tlie immigrants on arrivaL iWing 100&-9 Boas 
undertook to investigate the physical diaracterisdcs of immigrants 
for the United States Immigration Commission. A total of 17,821 
subjects from U years of age and up w'cre measured^ These were 
divided into national groupings. Since tliere were over 700,000 im¬ 
migrants admitted in 190S and again in 1909, and about 30 national 
groups of Europeans are recognized by the Immigration Commission, 
it will be seen that Boas' sample was pretty smalJ.* Nevertheless, this 
small sample led Boas to an important biological discovery, n&melj, 

■ Id 19ia-l4p thraoKb Hr4ll£kB'l efiortu, msnam we« tat-rft mi ImmlxFt&ti 

ArrlvlQg mt EUIb IfllftCd- The DDinbftr •cuwly cxc«iicJ BW. 

mthti divided into 12 laU&n*! fxoirp* Uitid Ml HrUMkl’i “Tbi Old AmwiemM * {ISSli U 
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FiauKE a.—Approximate dlshrlbntloD of the aborteat and taUeat peoples ia Burcipe, 
(Uodifled from Ooou, I6^p map c,) 
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PWUM 9.~Apprtitea te dJWrttnitlm rf heod {imn6 bcada and long heada) 
in Europe, (Modlfled from Coon. 19Bi>. mop 0.} 
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Fl^entAtlon 
«r h*lr ^ eyaa 

3Q.ifflk « < ilarJC 

Kwry atippl* ■ lA^t w dartc 
Lifiht atlpple ■ Llf^t > dark 


FiQVwEr 10.—Approximate dlatrlbntloD of It^hl flmd dark pipnentattoa In EorfiK. 
(Modified from Cooop 1S30, toAp 8.) 
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that the bodily iorm of tba descendants of the immigrante vas differ¬ 
ent from that of the immigrunts themsclvios. He said: 

It appeats tbfit tlie Tofi^r the pnrcmta liave hcen hcrep the srcat&r the 
of the desceridiLiilLH ifroifi the Ei^nnopefln 

These results are so dcflultB that, wliiie heretotore we liad the right to assonie 
that humfltt tyi*es an* stahte, all the evidence is aow Id favor ol ft great ptnatlclty 
of htimim types, au<l permanenw of tj [«6 in new surroundings appears rather 
as the eiceptloij than the role. [ 1012, pp, fi, t-J 

Incidentally, it should be noted tlmt, owing to the dates of the 
work by Boas and Hrdli^ke, the immigrants available to them for 
study were mostly from the southern and eastern parts of Europe. 

World War I yielded as one of its useful byproducts 
Bome measuremfinte of the men drafted into the .\jmy and also of 
those later demobilized. Because of the conditions of the draft, the 
Army necessarily included soma recent immigrants and descendants 
of older immigrants. Analysis of these measurements by districts, 
therefore, gives a partial indicaaon of the physical variation in the 
different parts of the country. The variation in stature among the 
first million recruits is shown in figure 11- In general, the areas of 
tallest stature are those least affected by recent immigration. Tfte 
distribution of short stature is about what would be expected from the 
data already presouted on immigration. Unfortunately, such data as 
were obtained during the Civil War were restricted to the northern 
States, and those for World War II are re|iorted to have been de¬ 
stroyed.* ... * , 

In passing, some comment should be made on tlio limitations of the 
Armv for anthropometric purt>Qscs. Such a p:t>u]j represents only 
the healtliy young men w ithi n certain age and si ze lim its. Obviously, 
therefore, it is tiot a random sample of the jKipuiation. Also, the 
measurements taken thereon are quite restricted in number and tire 
not always taken carefully. Even the additional measurements on 
100,000 soldiers taken at demobilization in 1010 under the direction 
of anthropologists have the same limitations as to sample and more¬ 
over were intended for tailoring mther than for biological purposes. 

CMhififf rtafirfar*.—The mention of tailoring leads us naturally 
to another Government anthropometric project, namely, that carried 
out by the United States Department of Agriculture for garment and 
pattern construction.'* The data used in the indurt^ for the con¬ 
struction of clothing have grcvni up apparently due y y na an 


HJinDSIwlottJon fWin Ur, Oemte & WlllUst*, fonB* 
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^rror, Imed upon measurements taken on a few individuals by varioua 
inaccnmto procedures. To remedy this situation the Department of 
Agriculture has undertaken to provide relmble measurements of en 
adequate sample of tbo populatiorL So far only women and children 
have been studied. The women number 14,698^ which is a very email 
proportion of the approximately 45 millions in the country. Also, 
only 7 States (Arkansas, California, Illinois, Maryland, New Jersey, 
North Carolina, Peimsylvania) and the District of Columbia are 
teprraented. By reference to figure 11 it will be seen that all these 
States, except Arkansas and perhaps North Carolina,, are in the low- 
stature area. Thus, although this study hfts attempted to get a ran¬ 
dom sample, it has not wholly succeeded. Moreover, since the em¬ 
phasis here is on tailoring, relatively few of the measurements are 
suitable for general cx^mparison^ 

Old —One more anthropometric project carried out 

under a Government agency may he mentioned. This is the study of 
Old Americans by Ales Hrdlicka of the United States National 
Museum. At tile time this study was undertaken conflicting views 
were held regarding the nature of the earlier comers to this country 
as weU as their successors up to the time when immigration assumed 
large proportions- These uncertainties could be resolved, Hrdlicka 
believed, by examining the descendants of this early population^ 

The term “Old American’* has already been defined. If used in the 
strict sense that all the ancestors on both sides were in this land before 
1830, obviously the group is fast disappearing. As Hrdlioka says^ 

Ja the besiunlug of the studies it oeemed desirable to itiake the limit of foufp 
or AtlU better ftve, geaeratlon AmerlmDs; but on trloi this was fanrid quite im¬ 
practicable. When the eBstern and southern coDimunltles, where considerahie 
labreedin^ has taken ptaee and the suhjocis ft'OiiL which would obaMouflly not be 
the moat dealrahJe for tmr purposes were excluded, it wm found that Ihoae who 
eedld qtiail^ to four or five feaeratious of pure American nuccEtry ou both aides 
were astonishingly scarce, and that also, ou the wholOi they represented rather 
too much of sdcLdJ dltferentlatloiu Even those of three ^nerattuiis pure native 
ancestry are far im eommon Ih an ml gtit at 0rst be Imagined. [1&25, p. 5. ] 

Since this work was caniod out with maximum precision and with 
the biological point of view, it furnishes a useful description of a 
select^ element of the American population* Although the Old 
Americans examined by Hrdlicka had a limited geographical dis¬ 
tribution and the total did not exceed 2,000^ his results have been 
confirmed by Bean and Carter. 

Incidentally, a comparison of stature between the Old American 
females and the Department of AgricultunB garment-series females 
shows the latter to be the shorter by nearly 1.5 cm* (151.85 vs, 150.43)- 
This is probably duo to tlie foreign element in the latter less selected 
series. 
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FJQtruc U.—Disttibtttfon of atettire io tbe United Etetaa ae revealed bj meftnre- 
mecte on aoldters of World War L (Prepared tram data topplM by DavenpoFt 
and l<ove, 1921, pi). 5 ead table 2L) 
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STUTDIES tnOJES TIIE AUSPICES OF OTHEIt IKSTTrOTTOlTS 


Stiui^TtSs ^ — Outside the Governraent, the main aatliropoiixettic 
ietudies on tlio American people haTe come from colleges and aniverai- 
ties. In general these studies have been based upon the entrance 
physics! esanunations of students. The reports are veiy nmnerou^ 
hut only a few have received tliorough analyses.” However, all have 
served to call attention to the secular changes taking place In this 
element of the American popujation^ By comparing year by year 
the dimensions of students of the same age, it has been discovered that 
size is increasing. Studies made in New England colleges by Bowles 
and involving father-son and mother-daughter combinations show 
the changes iUustrated in figure It is now known that this is a 
part of a world-wide phenomenon and it has been suggested that it is 
due tonutiitionol changes or perhaps may be evolutionaiy in natum^* 
We have seen already that Boas detected sucli changes in immigranU. 
Obvioufily, this secular change^ regardless of its explanation^ serves to 
confuse the picture as to the developing American typeu 

£7nWn<»is.—In addition to the work on students, a broader attack 
on the problem of the developing American type has been uudeidakett 
at Harvard by Hooton and his students in the Department of Anthro¬ 
pology. Their approach has been through criminals and such civilian 
groups as could be measured in Boston and at A Century of Progress 
Exposition held in Chicago in 1033-lilM. A total of about 17,000 
tiersons were examined. Commanding on their composition, Hooton 
$ays; 

Qnr eerfes represent faErly large samples from three markedly diverse IctcIb 
of our populatEon, Tlic erltnlnnls are socially, econonilofllly^ end btolpffically 
the most dekased eleiuEmL TEic Boston clTlUan cheek f^tnple Is composedp for 
the most port, of urban re^deuta represen tlnif a respectable workin^^lass popu¬ 
lation, whiel] enjoyed, presnmahlyt fsjw ef the advantages conferred by 
wealth and by Goclnl position. The Cenlu^y of Progress series proves to be a 
group of personi; dlsproportlonatotj b^Iected from the highly edaented andp on 
the whole, econonilcsny and soolally superior classed. Undoubtedly tblB selection 
nroise from the situation of the Har^'urd Anthropometric Laboratory I ft the Hall 
of Sodal Sclenrei Probably few persons visited this hall IntenttoDnlly antesB 
they happened to be interested la edncaUoQ and Iti Boclal problems. It required 
a certain Intellectual cnrloslty and a certnla pertiftaelty fqr these persons to 
book and to fultUl oagagemeots for anClirapometrk eramtnaIlona. If the labora¬ 
tory had been operated In the part of the Exp^ssltlon known as '^he Streets of 
ParlSp” the character of the sample studied might Knve boon somewhat different 
[im, pp. 25-^20 ] 

The method of analysis used by Hooton was that of sorting out 
arbitrary combinalioriB of racial criteria and aligning to them names 


the pQbUcAtlAU hr Bawtn (1052: Hfirratd>K U- K Ooiald 11000-1930: 
NrtfCflmbJ, Jftct™ 11927 w.nA MlbOewU), KDd «t *1. (lOM ^ Hmltbl. 
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FiapitE. 12.—Increases ot Tarlmia part* of iona and dan^htets over fntbar* 
and motberB, rtapectSvely, a* levesled by recorda of New Ea^Sand 
(FVom EowJes, 1932, flga. § and 1C> 
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of Buropean racial types having like physical charactBristica, Among 
the type designations are Mediterranean, Nordic, Alpine, Dinark, 
etc. ^Hiea these “imperfectly segregate and classified physical 
types, called by coartesy ‘racial* types,” iFere sorted out of his three 
widely divergent series, Hooton found that their proportions were 
practically identical. He feels it is a very remarkable fact “that these 
types should show individually certain consistencies of a sociotogical 
nature, certain occupational and educational resemblances, whether 
they are drawn from the cream of the population, from the middle of 
the draught, or from its very di'egs” (p, 26) , Unfortunately, he does 
not seem to have followed up this finding to see whether it is an acci¬ 
dent of sampling or indicative of the state of amalgamation in the 
melting poL Yet inspection of the stature of criminals by States 
shows the same distribution as noted for soldiers of TTorld War I; 
that is, for eiiample, low in Massachusetts and high in Texas. 

Radid islands .- — In aU the foregoing, no mention has been made of 
anthropometric studies on conimunities here in America where Buro¬ 
pean national elements still live in pure form and tend to inbreed rather 
than interbreed with other groups. Strange as it may seem, although 
such groups are common knowledge, almost no effort has been made to 
stndy them. An exception is the work of Steggerda on the Dutch of 
Holland, Mich., carried out while he was with (ho Carnegie Institution. 
Unfortunately, although suggesting an increase in size for the Dutch 
bom in America, this work was not altogether conclusive, perhaps on 
account of tbs inadequate numbers used {130). 

Another such group that has been studied is the Acadian French in 
Louisiana. Harley Gould found that the 100 men be examined were 
intermediate between Old Americans and the Acadian French of Can¬ 
ada. In other words, this French element in the United States has 
undergone some amalgamation. 

Instrraace records. — Finally, mention should be made of the routine 
physical data assembled by insurance companies. The population 
coverage presented by the insured is almost all that could be desired. 
However, the records include only two useful physical measurements, 
stature and weight, and these are taken carelessly. Stature includes 
shoes when actually measured and probably often represents a guess; 
weight is taken with clothing. Thus far the insurance companies have 
been deaf to the plea of the American Association of Physical Anthro¬ 
pologists for a reform of technique. A simple change here would give 
an invaluable check on a fundamental biological problem. 

DISCUSSION 

This review proves,! believe, as stated in the beginning, that we know 
surprisingly little about the new American physical type. The vague¬ 
ness and evasiveness of the pronouncements regarding the evolving 
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type madB by those engftged in its study only serve to emphasize this 
point. For example, Hrdlif:ka (11)06), after studying the Old Ameri¬ 
cans, concluded that 

Tte obseirntlons show. In ttAi tlio uninticd deKcndants of the cider 

atock of AjBerScaoa do present already an apprcACb to word a. pnyalcal typ^ whtch 
may be eaUed "American." With thEa type there still octor fairly nnmeroiLs Indb 
rlduelB of both seies who tbroiinb persistence or rereralon show distinctly one or 
the other of the oMcr types wlikb liave entered Into the composition of the notton- 
Bllfillc etoupo tliot have boiit up the AzDeiicatii Bat In a fair majority of the Old 
Americans these elder types nre more or less Obscured and n new and somewhat 
dltTerlnn type, an America n tyi^ 1$ nppa rent, [F. XOl. ] 

[The [iTOdurt of the melting pot,l throngH eTerdnereaslng intemilxtiirev tnay 
donbtless In the cotirse of a few Eoneratious be eifpected to approach a newer 
blond—the Amertcan type of the pot far distant fotar& Thte type, we may anr- 
tnise from nil the nvallnhle dntAi wltl not he far from the Old American type of 
the present, and yet wEIJ be Eomewhat dSfrerentp particularly Id physloguotny and 
behovlor. 

This Neo-American type will in nil prohahUlty bo, In the avemEep taB, more 
aanEUlne, and perhaps 1e^ spare than the old. It will remain essentially an inter- 
mediary white type In pigmentntioup head form, nnd other respects. It will show 
for a long time yet a rather wide range of lodiTiduBl Tsrintiou in all respects. 
And It niay well be expected to be a wholesome and ctfcctlre type, for mixtures 
such aa those from which It shall hate teatjlled bo far as nablased Bcleutlhe 
research shows, not harmfiil but rather beneficial, and conditions of life aB well 
ns environmen I In this country are still f nrorable. JPp, lO£-j03,] 

Hooton (1936), in discussing the status of the American, raised a 
number of questions requiring elucidation. Among these is the follow¬ 
ing: “Do the acclimatized Amerkans differ from their European fore¬ 
bears and have they amalgamated into new biotypes 1” Significantly, 
Hooton speaks of “new biotypes” rather than “a new biotype.” Appar¬ 
ently this question anticipates the results of hia type analysis (see pp, 
334-336), since nowhere does he consider an over-all type. However, 
he goes on to say that a complete and conclusive answer to this queSp 
tion 

4 » # mu^t await the Eathering opd onalyala of far mm data thoii ara 
available at preseat This lack of adequaie lnformBtlon caimot be atlriboted 
solely to the apathy, Iticonipetonctp or paucity cf phyalcol aathropalofists. Tt 
b dtio rother to an apl^arecitly Inherent rerdlsion from honest ^df-eianjinatloa 
which aflllcta men Indlvlduala and which expresses Itself In EOvernmeDts by a 
settled policy that It lo folly to he wise In the matter of the anthfopoloElcaJ 
compqsltiQD of Jts citlaonry* |E'’ 

One otlier example of how the cvolriiig Amerkan type appears to 
an anthropologist may be cited- In a recent discussion of anthn^ 
pometric studies on tlic American people Shapim (1945) ends on tlii^ 
note: 

Jt mny wisll havo ocenrvod to the reader hy thin time to wonder how far 
the American people are eyolvliig a chamctfirlitlc AthcrEcati lypt^ Inndameatally' 
distinct from those of onr Enropoan cootemporarlfifi. 
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The American of todaj remain^ Q close ol the atoeka that have settled 

hei^ hmt be has at the saroe Utne aodergoae EnDdlficBtiana from Mb aacesiral 
iTpes. His derEations from Earopean aarms are either the rcsalta of rabetunE 
aiuDJi^ the TBrloua repreeentatlvcfl of Qld World types or the coasequeiLec of 
an Lacreased size with the attendant chaa;^ la bodily proportion that follow oa 
such a qtinntltatlTe ezpansLoa. [P. 25S.1 

Obviously, theao writers have said about all that our present knowl- 
tdge warrajits saying about the evolving American type. Tlie rate 
and kind of change in the physicni appearance of our population is 
largely unknown. Thus far this problem has not been tackled directly. 
Ezeept possibly in the case of the Army, physical anthropologists have 
not raised their siglits to the nation as a whole. The few students who 
have entered this field have restricted their efforts to smftll selected 
samples. This does not mean that these special studies have not 
yielded mncli of value to human biology. Optimistically perhaps they 
can be compared to the pilot plants of new industries. 

Since the white population is now approacliing 120 millions, it ia 
too vast a subject to be studied by individuals. Only the Government 
or an institution with large rcsouro® can handle the subject properly. 
Ideally, physical observations should be made on the population by 
physical anthropologists in connection with at least every third na¬ 
tional census. This interval would permit some continuity of 
direction. 

The Government, naturally, has been reluctant to take up this type 
of survey, because the utilitarian objectives have not appeared suffi¬ 
cient to warrant the reqtiired expend Itnre of public funds. This is 
the reason tJiat physical anthropologists, seeking extra measurements 
on the Army, have had to disguise themselves os tailors. The people 
have not questioned the money spent to improve the fit of their sons’ 
uniforms. 

Yet a good case can be made for the utility of periodic surveys of 
the American population. The fit of clothing, which has already 
received some attention, as we have seen, needs much more study. 
Secular changes in physical size may well lead to periodic adjustments 
in patterns. 

A few other reasons for this type of study can be pointed out briefly* 
It is on accepted fact tliat some physical types are better insurance 
risks than others. For instance, iusuranco companies report that, 
in general, life expectation decreases as body weight increases^ This is 
probably a very crude generalization, because, ns already pointed out, 
life insurance companies have little information on b^y types for 
purposes of such correlations. On the other hand, studies mode 
during the recent war on young men showed that types with somewhat 
of a feminine body build could not achieve a high level of physical 
fitnes. This information was useful in the selection of men for dif- 
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fereEt mUitaTy roles and miglit be more generally applied* Again, 
clinical studies point to a high correlation between body build^ or 
constitution, and such things tts gastric ulcers, gall-bladder disease, 
arthritis, certain major psychoses, etc. This information is being 
applied in clinical diagnosis.^* 

To tJio general field of body build, or constitution, physical anthro¬ 
pologists have been giving considerable attention of L'^te. Descrip- 
tive techniques are tupidly being perfected. Because photography 
iS being utilized in this connection, it is possible to make an accurate 
record speedily. Such techniques carry high promise for national 
surveys such as wc are consider! ng.“ 

Life Magazine ** recently carried pictures of Hooton mejisuring peo¬ 
ple for the purpose of getting specifications for a car seat that would 
more nearly accommodate the geneml public in greater comfort. Pub^ 
lie seating, like ready-made clothing and anything else masB-produced 
to meet the needs of all tyjws of human bodies, has been a hit or miss 
proposition. The public has suffered £^on^ this lack of knowlsdga of 
the human form. 

During World War II the Army Air Forces was forced to take this 
problem into c^jnsideratiom More and more gadgets were being 
craii:inied into planes without corresponding adjustiiicnts for the size 
of the men who were to operate them* Abo, helmets and oxygen 
masks were being produced with veiy little regard for the variations 
in the head sizes of the men who were going to wear them* Physical 
ajithropologist^ remedied this situation by measuring a sample of the 
filers and producing manikins to which machines and equipment could 
be adjusted 

Wider application of physical anthropology in peacetime industry 
promises to be of great benefit to the American people. If this mate¬ 
rializes, there should be a rapid increase in our knowledge of physical 
types in America. Yet 1 venture to doubt that commercial interests 
will supply data on a scale sufficient to define tlie over-all American 
type, much less to follow its development. Commercial interests will 
be content if they can protluce something belter than exists at the 
moment; or at least if they can ad'*ortise it as better. 

Human biology probably will gain most if the problem is tackled 
by an agency w^ch is not seeking profit. In thb connection it is 
encouraging to note that Hrdlitka willed a sum of nioney to the 
National Academy of Sciences for [periodic sun'eys of the American 
people. Perhaps this gift to puna science, from a man who was himself 


Ibd ptltllctfcLaitB "hr ct *1- (1045), ma Wmh^ fX tl. (1043)- 

^ ShfMfln (IMO) b«JI a TJk*t lie «!!■ ''WJnit&trrlPtf 

“ Ft^ 1J, I04fl, pp. 33-Sfi. 
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an iuunigrant and who, as a pioneer in physical anthropology, was 
intensely interested in the product of the melting pot, will provide a 
means for its further study. 

ADDENDUM 

Since this was written Alice M. Brues of Harvard UniYersity has 
published an analysis of measurements taken during the war on 3,075 
enlisted men at Camp Sibert, Ala^ By classifying each individual 
according to his principal national extraction and State of birthj she 
was able to identify five ont-stetiding types: 1, A tall, thin-faced, nar¬ 
row-headed type, commonest in those of British extraction and typical 
of the South. 2, A type, tall like the first, but with wider face and 
head. This is typical of Scandinavian extraction and is common 
mainly in the west north-central States. 3, A short type, round- 
faced and with s broad Iiead, typical of Germanic, Kusaian, and Slavic 
extractions and common naainly in the middle Atlantic and east 
north-centra! States. 4, A type, altort like the third but with nar¬ 
rower face and head. This is typical of French and Mediterranean 
extractions and common in New England. 5, A type distinguished 
mainly by an unusually broad face, out of line with any of the Euro¬ 
pean extractions. This type, indicative of Indian admixture, occurs 
mainly in Oklaboma and Texas. 

Tlie significance of this finding is that this sample of the present- 
day population shows clear local differences in physical appearance: 
reflecting the various European nations from which its ancestors came. 
From this it would seem that a stable ‘‘American raee^^ is still a thing 
of the remote future. 

Incidentally, Dr. Brues has shown that intelligent handling of a 
small sample can furnish considerable information on the progress of 
the melting pot. This simple method should facilitate future testing. 

Mention should be made also of the United States Army Anthropo* 
metric Survey carried on during 1946 through the Research and 
Development Branch, Military Planning Division, Office of the 
Quartermaster General. This project was directed by Francis E. 
Randall and set ita goal at 100,000 males and 10,000 females. Al¬ 
though these figures were not quite reached, and although clothing 
design largely controlled the selection of the measurements, it was 
possible to include ranch of genera! anthropological interest. Also, 
the usefulness of this survey has been increased by photogrsphy di¬ 
rected toward somatotyping. It is to be hoped that the analysis of 
these data will further clarify the product of the melting pot 

AIlH ReflQiiAl dlflervEiM In t3afr cbancteiirUc^ qf M.n Amirlcfl-C 

popaUUqp.. Am*T. Jaum, Yhji- Anthrop., d. A. tdI. 4. No. 4, pp. ISIB. 
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AUCHEOLOGT OF THE PHILIPPINE ISLANDS 


Bt OLd¥ IL T. 


[With 10 pitttffl] 

Tbo Philippine Id anils have been in bygone days one of the cuL 
tiiral crossroads of the Pacific. In spUe of the interest diown in many 
quarters to further, by means of archeologichl excavations, onr knowl¬ 
edge of the ancient civilkatton of these idands and the cultural cur¬ 
rents that have pas^d through them^ so fur only sporadic efforts have 
been made in that direction. There does not yet exist in the Islands 
an effective central organisation responsible for the direction, super¬ 
vision, and coordination of such research,^ which could be compared^ 
for example, with the archeological survey of French Indochina, 
L^Ecole Frau^aise d^ExtrSme-Orientj, founded about half a century 
ago by Pi^ident Paul Doumerj while he held the position of Gover¬ 
nor Genenih This organ Ration haa not only served oa a training 
ground for French Orientalists of world renown^ but has gradually 
becomcj through its research activities^ its field work, and its pnbli- 
cations^ one of the foremost centers for tlie promotion of our knowl¬ 
edge concerning the origin and development of the great civiJizationfl 
of Asia. Other such organisations have been successfully developed 
in tndia^ the East Indies,, and elsewhere in the Far East. 

The few collections of pre-Spanish antiquities in the Pliilippines 
consist principally of Chinese ceramics. As in many instances, no 
I'ecords have been kept concerning the circumstances under which the 
objects were foundj their documentary value Ss considerably weakened 
and they are partly to be regarded as curiosities^ It is also regrettable 
that so little has been published concerning excavations carried out 
under scientific control. 

The late President Manuel Quescon was eager to remedy this sit¬ 
uation and to hove young Filipinos trained to organize and direct 
an efficient archeological survey. While conducting archeological 
excavations in the Philippines, sponsored by Harvard University, the 
writer was granted an audience by President Quezon in December 

* At tbe tEUe Of Un Am^rl-raD lat^rTtnHoiiK PUo* wirtr tor «q<3a rM«uch« 

bHt nat carried ont Sec H, w. Kjie^r, FMplw at tbt PhUIpptMi^ SAilta»B[*n tnrtl- 
tunon War BadEFToand etvdle* ^'t^. 4,104^ 
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1939, when he was given iin opportunity to explain to the Chief 
Executive the flima of our field work and their implications. The 
President not only consented to support our work actively, but author¬ 
ised the writer to make an extensive tour in the Philippines from 
Luzon in tJie north to the Job Islands in the south, and to conduct 
n preliminary investigation regarding more extensive archeological 
field work, and also to make suggestions for the creation of a national 
archeological survey. The President also indicated his willingness 
to grant generous financial support if such an organization could be 
established. However, as the political situation in the Far East grew 
darker and darker, the project had to be shelved temporanly, and the 
writer left the Philippines for the United States in August 1040. 
WTien the new Eepublic has managed to overcome its present economic 
diffimlties and u^nt material needs, it appears likely that the 
creation of a national archeological survey will again be brought 
under consideration. 


PROBLEMS OP PHILLTPPINE ARCHEOLOGY 

Because of their situation in the Pacific, the Philippines present a 
great many archeological problems ranging in time from the Stone 
Age up to the earliest Spanish intervention in the sixteenth century- 
problems which coneeiTi not only the Islands themselves, but also 
neighboring countrica. As the Philippines still present an almost 
virgin soil, as far us archeological field work goes, it is as yet imposstbla 
to grasp the multiplicity of prohlems regarding the past of the Islands, 
but one single fact may serve as a demonstration of what has been said 
aboie regarding the lack of an adequate national organization in 
control of tlie archeological survey, 

- about 1024 all that was known coocoming a possible Stone Ago 
civilization in the Pliilippuies could eiisily be contained in a few pages, 
as only a few stone implements had then been uncovered. However, 
since that date, thousands of stone itnplements are said to have been 
discovered, chiefly in Eiznl Provinee in central Luzon. Unfortu- 
^tely, only little has been published about these discoveries. It is 
possible that a methodically conducted survey as to the classification 
of the stone implements, their chronology and geographical diatribu' 
tion, would reveal data regarding the various phases of the earliest 
settlements and related facts. A comparative study of the relics 
may also give Mme valuable information on the earliest trade and 
cnUnral cottnoetions with neighboring countries, as well as on invasious 
and internal etlmic movements. It may be of interest in this connec- 
tmn to recall the fact that until Dr. J. G. Anderson, the founder of 
tho Museum of Far Eastern Antiquities in Stockholm, made hts sUr- 
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tling di^OTcriea in Honan and Kansu about 1920^ most scholars were 
inclined to deny the existence of a Stone Age in China. 

How the Philippines Erst learned the use of metals—a step of eapital 
importance for the promotion of the material advancement of any 
civilhsation^—is stiU another problem clothed in mystery. It has been 
assttmcd tbat the Dong-son cirilibation—spread over large areas in 
aouihwestem China and southeast Asia—^reached the Philippines from 
the region of the Gulf of Tonkin at the beginning of the Christian Era, 
The Dong-sonians wei'e well acquainted with the utilizul ion of metals^ 
especially bronze and iron. Conseciuently it would be tempting to 
connect the introduction of the knowledge of metals and their use in the 
Philippines to the Chinese-itispircd Dong-son civilization^ As tan¬ 
gible evidences of this eivilizatlon had been found in many places in 
Indochina and as far south os the East Indies, it is not unreasonable 
fo anticipate the possibility of tlie discovery in the Philippines of 
items characteristic of the *^Dong~somaiL^^ However^ there are no 
facta yet known which could sub^antiate the tlieoiy linking the Dong- 
son civilization to the introduction of metallurgy in the Phtlippinca^ 

It can be taken for granted that China and India were the main 
sources of cultural impact prior to the Spanish intervention« The 
time or period when these inSuences first made themselves felt and the 
extent to which they affected the daily life of the inhabitants, spliitu- 
ally or materialij^ are still open questions. It is known^ however, that 
there were trade relations with Siam in the fourteenth and fifteenth 
oenturies and that these relations may have brought to the Philippines 
both Chinese and Indian cultural elements. Though Chinese chroni¬ 
cles mention PhUippino relations with China during the Sung dynasty 
{0GO-112fi), it is possible that China exercised some infiucncc in the 
Islands prior to this period* Another problem concerns the effect of 
Arabic and Muslim induenceS} especially in the southern islands. 
Only the spade of the archeologist, however, can provide the answers 
to these questions. 

These are only a few of the problems which archeologists will hare 
to face in the future- If adequately supported and guided^ young 
Filipino scientists will find here tn years to come a vast and fruitful 
field of research. 

KECElflT DISCOVXErKS OP BARLT HIKG WAItES IN THE l^HELIPPENES 

It is not within the ^ope of this paper to deal with all these ques¬ 
tions. Insteadj a single problem has been selected as a sample for a 
more detailed study, namely, Chinese inJliient^ during the early Ming 
dynasty (1368-16*4) as seen in the light of recent discoveries. 

During this period Chinese ceraimc art and handicraft reached one 
of its highest peaks. However, untd recently our knowledge of the 

TSfisoa—ir-—-li 
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wares of the early part of this period has beea rather defective, be¬ 
cause, as a rule, they have not been found in tombs—^the main source 
of our knowledge of ancient ceramics—either in China or Indoehiua. 
As a matter of fact, it was prohibited at tlint time in countries ruled 
by the Chinese Emperor to use ceramics as funerary deposits. How¬ 
ever, in the Philippines, free of Chinese rule, the inhabitants fre¬ 
quently deposited in the tombs of their deported ones Chinese ceramics, 
introduced to tlie Islands by trade. Even though the wares exported 
were not always of the highest quality, they nevertheless are of great 
documentary value. With the aim of filling some gaps in our knowl¬ 
edge of early Ming ceramics and their use for funerary purposes in 
the Philippines, the writer during several mouths in 1910 made ays- 
tematic escavations in various parts of the Philippines^ Of greatest 
interest was the discovery of three cemeteries on tire Hacienda of 
Calatagan in the Province of Batangas, in central Luson. As tJie 
material uncovered by these excavations may provide some basis for 
further archeological field work, a short description will be given of 
the collections and the circumstances under which they were made. 

E.1RLT iriNO TV ABES VOUITD AT CALx\TAGAX 

The estate of Calatagan is situated about ISO miles south of Manila 
opposite Lubang Island. A few years ago when the ground was be¬ 
ing leveled for an airfield, near a natural mound called Penagpatayan, 
some Chinese potsherds were found and given by the owners of the 
estate, Enrico and Jacobo Zobe), to the Manila liluseum. WJien the 
writer’s attention was drawn to these findings, it occurred to him 
that systematically conducted excavations in this locality might lead 
to the discovery of interesting specimens of early Ming ceramics and 
possibly give some information regarding burial customs of the local 
population at that time, and at the beginning of 1040 arrangements 
Were made with the owners of the estate for such excavations. Wo 
not only located a cemetery on the very Penagpatayan mound, but 
also two others nearby, comprising altogether about 70 tombs, chiefly 
from the time of the early Ming dynasty, ond yielding hundreds of 
specimens of Chinese aud native ceramics, as w'ell ns other items. 

The three cemeteries are all situated close to the shore: 

1. Penagpatayan, a few kilometers west of tlie Calatagan clulv 
house, and between the projected airfield and a fish pond. To tlie 
north are seen the Wolang Boahibo, Cato, Itim, and Sen Pedrino 
Mountains. The tombs are located on a natural mound with gently 
sloping sides, which have been imder cultivation for many years. 

2. The Pulong Bacao (Bakaw) field is located on a flat promontoiy 
about I kilometer northwest from Penagpatayan. A part of the 
ground had been cultivated for some time, hut was now abandoned 
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ftnd largely overgroim i^ith shrubby vegetatJon. According to the 
manager of the Calabgan estate, several “old Chinese potsherds'" 
had occasionally been turned up here by the plow, and a local worker 
is said to have found a ceramic boi containing aome Spanish silver 
coins, 

3. The Kay (or Panday) Tomes field, also on a flat promontory, 
is surrounded by swamps. The field is located a few kilometers north 
of the Pulong Bacao field. At Penagpatayan we discovered Sfi, at 
Pulong Bacao 6, and at Kay Tomas 31 tombs, a total of 66 tomb^ 
most of them from the early Ming (fifteenth and sixteenth centuries). 
In the soil between the tombs and almost on the surface we gathered, 
in addition to the various items of the funerary deposits, numerous 

As a rule each tomb contained a skeleton or part of a skeleton, lying 
on its Iwcb, the arms generally inelinod slightly inward. At 
patayan the limestone ground was partly responsible for ^e good 
preservation of the ^eletal xemains. At the other cemeteries, espe¬ 
cially at Pulong Bacao, the bones were in many cases in a poor state of 
preservation. The various pieces of the funerary deposit, chiefly Chi¬ 
nese ceromics, has been placed on or around the skeleton. In addition 
to ceramics, there were other items, such as spin die whorls, a ponn er, 
a bracelet, and a knife. There were no traras of a coffin or an under¬ 
ground chamber of bricks, stone, or other material. Originally, how¬ 
ever, there may have existed above the tombs some structures of 
which, of course, have not been preserved. Such constructions stdl 
are erected in various parts of southeast Asia above modem tombs, 
e g, among the Protomalayan populations, and are common among 
the Mores in the south. The skeletons and the funerary deposits were 
uncovered usually only a few feet below the surface of the soil. 

A peculiarity of tlie Penagpatayan field was the disposition of the 
tombs along a slightly curved line, estcndiiig in a north-south direc¬ 
tion. With the exception of two tombs (& and 10) all were found 
oriented in or almost in a north-south direction, with the skull to the 

*^^Tbe nsgularity with which the graves have been arranged may indi¬ 
cate that the dead had been buried approximately at ^e s^e time. 
The name of the mound, Penagpatayan, meaning the Field of Mas¬ 
sacre, could possibly substantiate this theory- Some of the dead ap^pea r 
to have met a violent death, because in severri !w 

showed evidence that the deed had mutih^. The fact that 
several skulls were missing seems to indicate that some of the 

had been victims of head hunters, ^ j u - # 

Before describing tie wrions tnx* »* ceramics eiraested, s bnrf 
disenssien of load foneracy rites ss rerasM b, eoe drecoreires me, 
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be of interest. Aspreriously mentioned, thedendhadgenerally been 

buried^on tlieir bocks in outstretched position. Thera were only a few 
ciceptions. In some cases, especinlly at Fenagpatayan, the indiTid* 
uais appear to haye been mutilated, as parts of the stdetoii were 
missing (part of the thoras, an arm, or the sku]]). In one case (Kav 
Tomas tomb No. 26) we found two skulls at the feet of the dead, lii 
tomb No« 21, Kaj lomas, the skull was pkce<l in a bow!. The writw 
once noted a similar burial custom in a Hati tomb discoTered at Lach- 
truong, Thanh-boa Province, in northern Arniam. Occasionally we 
found only tlie skull, together with funerary deposits. Near the cen¬ 
tal part of one skeleton (Say Tomas Xo. 29) we found the remmiLS 
of two other small skeletons, possibly a mother and her two children. 
One skeleton had teeth that showed traces of a black varnish (possibW 
due to betel chewing) and were provided with gold plugs. The cu^ 
tom of inerting gold plugs in the teeth is said still to occur among 
the i^abitants of Visayan Idand. In tomb Wo. 16 Eay Tomas, wo 
found alongside the steleton a layer of shells which is of interest. 
ecauM shells play an important role in many lands with regard to 
fecundi^ ^d burial customs. In northern Annam in 1D37, the writer 
found ^ells m ono of the more stately tombs from the Han dynasty, 
E^mples of tombs with their funerary deposits are shown in plate 1. 

The osteological material was studied on the spot by Dr. Gerardo 
Manas, physician of the CaiaUgan estate. Owing to the outbreak of 
tlie war, rtport Dr. Manas then prepared never reached us. How¬ 
ever, accordmg to an oral report to the author in 1940, the measure- 
mente ^ve mdic^ characteristic of modern Filipinos in Luson. On 
the bMis of this information it appears safe to assume that most of 
those buned were natives. 


As already pointed out, the deposits generally comprise various tvp® 
of ceramic, found at the head, the feet, or above the legs or the middle 
wgiom We noticed that the oetamics, especially those placed above or 

deposited in inverted posi¬ 
tion. This disposition IS undoubtedly intentional and may have signifi- 

^ce, posably connected with fecundity rites. It is noteworthy that 
m Annate tombs from the Sung dynasty {960^1 ISS) discovered m 
Ilianh-hoa Provmce, northern Annam, the writer also found a similar 
diB^tion {though there were no actual skeleton remains left owing 

to the destructive mfiuenoe of the ail). 

of the oerami^ we discovered at Cfdatagan are of Chinese make, 
hut by what routes did the ceramics reach the Philippines! Some of 
the warra were sppMently imported direct from Siam, where the Chi¬ 
nese had established the famous Sawankhalok kilns in 1350. Other 

Tr from China either directly 

or by way of Annam or Tonkin or the East Indies, where the Chinese 
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had estflblkhed dose trade relations prior to the Ming period (1363- 
1644), It may be mentioned that the Chin esc,a«:ordingtoB.Lauf^, 
bad established in pre-Spanish times a settlement in Jlindoro (opposite 
the Calatagan cemetery). The same author also surmises that the Chi¬ 
nese had established themselves on Mindoro before they came over to 
Luzon. It Is possible that this colony had trade relations ivith kinsmen 
on the continent and that some of the ceramics found at Calatagan 
■were introiliicsed by these settlers on Mindoro, It would be of interest 
to have scientifically controlled ciccavatioiis carried out on this island, 
which might dirow some light on early trade relations between China 

and the Philippines. ^ 

The Chines© ceramics which w© found present man)' varieties, but 
tliere arc a few standard types, snch as earthenware, glazed jarleta or 
bottles ([Josibly perfume containers), bowl?, saucers, and di^cs of 
glazed porcelain, most of them decorated in blue and white, occasionally 
in green with cream-colored glaze. There are also moriochrome wares 
in white, oelcdon, light green, and brown, A few specimens in white, 
red, and green are from the Wan-Ii period (1573-1620). Plato IS, 
upper left, and plate 14 present the most typical specimens. Some of 
the most cJmructeristic examples will be describwl below. 

1. Jerfete.—Tliey appear in three principal types: (a) Globular 
body and narrow, low neck. The jarlot Is provided with a milk-white 
crackled glaze. There is no special decoration, (h) Almost cylin¬ 
drical body with a comparatively wider neck. White shiny glaze and 
bluish decoration, (c) Pear-shaped body with rather wide but low 
neck; small handles on the shoulders. The glaze is usually grayish or 
brownish. The pear-shaped jarlets are believed by some wr iters to 
have been imported from Siam, probably in the fourteentJi century. 

2. Bowt$ are rather common. Some of them are monochromCi with 
wliite, greenish, or less often brownish, glaze. Often the monoehroi^ 
wares are without special decoralion, but some show underglazed 
grooves, intended possibly to outline a conventionalized lotus pattern. 
One of the most spectacular types is thin-walled, blue and white, gen¬ 
erally embellished with rows of elongated leftves, possibly intend^ to 
reproduce artemesia leaves, which play an important part In Chin^ 
art and folklore as a symboUe motif. The bottom, inside, sliows either 
a more or less conventionalized shell, lotus, or a character. The ® ® 
and the lotus are common motifs and were used partly botfause o 

their symbolic value. * xi. 

3. Sflucera.—One of Gie more peculitfr types of this qategotj is tne 

so-called hole-bottom saucer. A marked feature of tlus type of saucer 
is that instead of the usual ring-shaped ridge around Urn bottom, Uiere 
is a cylLodricttl depression, often sunounded by an unglazed yellowish 
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Kone^ Tlie saucers show a shiny white glitze, usually with a goldEsh 
pattern in overglazed red-enameled slip in the center. The eye is 
white with a black pupil Inside along the rim are decorations m 
blue, reminiscent of seaweed- Occasionally there is instead of the 
fish motif a combination of the character for luck, and the god of 
happiness. It is not clear why on these wares the customary bottom 
ridge is replaced by a depression, apparently an innovation made dur¬ 
ing the early Ming. One possible explanation is that the saucers were 
intended to be placed on a cylindrical stem which would fit the hole. 
The stem may have been made of wood or some other perishable mate¬ 
rial, which would not have lasted until modem times. It should be 
recalled in this connection tliat there existed in Ming times a ware 
comprising a saucer'Shnped upper part on a porcelain stem. The 
hole-bottom saucers^ four of which have been found at Penagpatayan, 
have been assigned by some writers to tlie fifteenth century* 

4^ J?ishes provided with a cylindrical ridge at the bottom appear in 
various colors. They are generally white-glazed, embellished with 
designs in blue. Occasionally die glaze is cream-colored and the 
design greenish. Monochrome oeledon dishes are rare. The rim is 
either straight or slightly waved. Occasionally the bottom, even in¬ 
side the circular ridge, is glazed. The dishes are among the most 
spectacular of the ceramics and show a variety of designs. One of the 
most common patterns is the chh-Un, a fantastic composite animal 
with the head of a dragon, body of a deer, slender legs, divided hoofs, 
and busily tail, some of tlie last-named reminiscent of a lion^s tail* 
This extraordinoTj animal appears among curling flames, a manifesta¬ 
tion of tlie divine nature of the ch^i-lin. Tliis most noble creature in 
Chines mythology is believed to appear os an omen of a gcNod ruler to 
come and that it attains the age of 1,000 years or even more* Another 
common motif is composed of four flowers (chrysanthemums) com¬ 
bined with some other floral designs. In a few cases the dishes present 
a fish design in blue, surrounded by seaweed ; thesei dishes are said to 
be of an ‘^early fifteenth-century type.” Bather common is the design 
of a flower {chrysanthemum 1) in a vase* We found only one such 
dish at Penagpatayan, but several at Kay Tomas. A few specimens 
show an interesting picture of a man and a woman in blue, which 
motif may be interpreted as the spinning maiden and her lover, the 
cowherd, meeting in tJie skies, a well-known motif in Chinese folklore. 
In addition to the above types, we found, as already mentioned, several 
native red-ware vases and dishes. The chronology of these wares is 
uncertain, but as they occur in tombs which can be ascribed to «irly 
Ming, it is evident that they were already being produced at that 
time, but it h possible that the s.-une wares were also made later. 


ASCHEOLOCy OF THE 


PHIUTFITJES—^JANSE 


353 


cimoNOLOor of teib tombs 

Aa but few systematJcallT conducted escalations ha™ b^n 

.uVin SeThUippto .pdVelalmly littk ton P««inh«d m 

field we do not yet possess a solid basis on which to build up an a 
lute chronology in respect to tlie above Ends. It appears, howev^ 
fEobb, op. cit^, passim), Umt Ottley Beyer (Manila) has 
“certain gratified deposits” in Eizal Province, control Luzon, contain¬ 
ing “quantities of fragments and whole pieces of 
and porcelains, mainly of Chinese and Siamese origin. ■ 

has been made by one writer to assign various types of ceramics to 

a certain date, based on information given by J*'*' 
nately, however, none of the “horizons” or archeolo^cal strota with 
their ^contacts and interrelations have been published to J ® 

the proposed clironology. Pending an adequate report and 
further escavations, the question con^mmg the date of the tombs f^ 
Calatagan remains open. It is possible that the the 

ten^ is older than tliose at Pnlong Bacao and Kay Tomas. As 
latter has produced a few specimens belonging to the Wa'^ ^' 

(1573-1620), it is obvious that although some of the bnnals were made 
At the end of the sisteenth century, most of the tombs may b^ng 
to the middle or early siitcentli century. At Fena^ataynii no Wim 
li wares were found, and though some of the ceramics are of the same 
types as those found at Kay Tomas, most of the war^^appear, on the 
basis of the chronology suggested by Beyer, to be of older 
therefore posaible that the Penagpiitayan findings should be regarded 
fis bcIonHin^ Diaiwly to tlve fiftcentli century* ^ ^ 

The Pulong Bacao findings diow a number of similarities to tb^ 
made at Kay Tomas. It is therefore safe to assume tliat these two 
cemeteries may be regarded as practically contemporaneous. 

SDUFACB FI^'DI^:OS 

In addition to tlic various items of the funerary deposits, we dis¬ 
covered numerous objects in the toil between the ton,^ and near the 
surface, especially at Pulong Bacao and Kay Tomaa Most of die find¬ 
ings aro potsherds, many of which are mterestjug ^ause of t^^ir ^ 
oiSion, some simple beads, a few ceramic spindlewhorls, some bracelets 
of gree; and blue matter (po^bly glass paste), 
pleS^ts. Though a few of these items may ^ 

to funerary deposits (which might cosily have been displaced) rtM 
Sivious that s^me of the findings indicate that Uiero once existed 
a settlement very close to the cemetery, a feature which ^ 
in the Eouthem islands and occurs elsewhere among Protomalaynn 
peoples as, for eiompie, the Moi in Annam. 
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Some of tlieso surface findings of potsherds and stone implements 
are of EufEeicnt interest to be described here. At PuJong Bacao and 
Kay Tonms we found that several bowl bottoms had been intentionally 
along their edgies to be used as throwing pieces, a common 
plaything for children in many parts of the world. 

Some potsherds belong to big pear-shaped jars of the tj-pe described 
m articles on potteiyr findings in the Philippmes, showing dragons 
m high relief and other motifs done with incised lines. On the 
shoulders are handles in the shape of the Dog Foo, presenting on the 
foreh^d the character for Orient Tlie jars are of stoneware with 
greem'sb glose. At Pulong Bacao we found parts of several such ves¬ 
sels Originally they may have been deposited in the earth as ai^ 
ofiering to the spirits, or they may have been temporarily buried to 
pi^erye femnented beverages, a custom still practiced among the Moi 
tribes in Aiiiinm. 

Such jars have been eix^rted from Oiina to many places in south¬ 
east Asia where the local population still regards them as animated or 
as posseting supernatural iwwersw T\Tien such jars are foimd by tl^e 
natives in the Philippines, they are often intentionally crudied 
( killed ) to prevent treasures supposed to be hidden in. the vessel 
from disappearing mysteriously. 

A big jar found a few years ago by Fr. Worcester at Bohelebung 
near Lamitan (Basilnn Island) contained several smaller vessels and 
some Chinese coins from the fifteenth century. 

STONE IirPLEMENTS 

Ifost of the stone implements are aies or ax-shaped objects, many 
^shaped for polishing, grinding, or some other secondary purpose. 

ate 15 gives an idea of tlie various types represented in our findings 
from^ Calatagan, One as had been transformed Into a acre per; another 
sci Jts 6dg& flatten&d as if it had b^Tt aSBd for pounding or grinding. 
Part of another ax (square cross section and beveled edge) also had 
its edge flattened as if it had been used in the same way. The stone 
ax in many parts of the world is still looked upon as a magic object, as 
a charm or a thunderbolt, and is thought to be possessed of protective 
or curati ve powei^. The sorcerers of some mountain tri bfa in Annam 
rub the edp of a stone or bronze ax against the bottom of a bowl, an 
action which is believed to giro healing power to tbs liquid subse¬ 
quently poured into the vessel, It is possible that the inhabitants of 
the Philippines, before they were converted to Christianity, practiced 
similar customs. 

Several disk-sliapcd pounders were used, In the opinion of our 
work^ as mortars in which betel nuts were pounded with pestles. 
According to some unconfirmed reports, similar disks have been thus 
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used in racent ticic^f tut ttis miij wall ba a secondary use. This type 
of implement ia also lepresented in Indochina, and has been found, 
for example, in tho old dwelling place at Bao-Tro near Dong-hoi in 
Annnm. 

In addition to axes, axlike implfoncnts, pounders, pestles, and grind¬ 
ing atones, we found what may be a part of a knife, a few obsidian 
a netsinker, and a phallus-shaped object- 
The occurrence among the surface findings, especially at Kay Tomas, 
of sereral stone implements, seems to indicate, as mentioned, that there 
may hare existed in the vicinity a Stone Age dwelling site. As primi¬ 
tive man in many parts of the world used stilt dwellings erected on the 
shore in sheltered creeks or on the river banka, it is possible that further 
research made along the shore may reveal the existence of such dwell¬ 
ing places, and also give some information regarding possible upward 
or downw'ard movements of the land with consequent displacement of 
the shore line- Such stilt dwellings are often seen even t^ay in large 
areas of southeast Asia. 

oonclusiom 


In tills paper ive have discussed briefly an atlempt to throw some 
light on a single facet of Philippine prehistory, and have suggested 
some of the unsolved problems awaiting archeologists in that inter¬ 
esting region. As already mentioned, one of the most effective means 
of furthering archeological research in the Philippines would certainly 
be the creation of a national board of archeological survey ns once 
conceived by the late President Manuel Quezon. Such a board would 
be in a position to promote our knowledge of the Filipino peoples in 
pre-Spanish times, first, by directing and sponsoring scientifically 
conducted excavations and research, and second, by recommending 
appropriate legislation proliibiting uncontrolled digging in ancient 
graves and dwelling sites, which generaUy are of little, if any, benefit 
to archeological science. Alay it also be suggested that adequate 
reports on excavations already carried out should be published, as well 
as descriptions of existing public and private collections of antiquities 
found in Philippine soil. 
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Unseam PnbL 182. Oblcaso. 
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DixdNh TL B, 

aaaa Eecent arch&eal^ngl^sd aiscoreHea Id tlie PhillpplD^s. Proc. Ata^r. 
Philos^ Sot* Tol. ea. No. 4. 

GtrrHE, C+ H 

l£i3^4. Gold derated t«^th from tTie Fliilippine IfilaadSL Pap. 

Acad. Arts a ad Lett, ¥dL 2D. 

HAfrr^avKB, E, 

I025r Pottery and porceJaiD II. Tb« Far East LoadoD. 

HoBEQStp B. Lu 

1905. Cblnsse pottery and porcalaiD, 2 toIsl LondoD. 

Hobbdn, B, and Hrra™sorojr, H. 

1023. Tbc art ot tba Chinese potter LoadoD, 

Jaztsr, Q. 

10^, The m^aterioDS enltare of Dong son. lilaBtr. London News* Deecniber, 

I935-10@6. Rnpporl prdTlmlaalre d'nne utsj^Eoa srch^olectrtae en IndtHrliEae. 
Ee-r. Art? Aslatl<|ue9 (Paris), voL Oh Noa. 3 and 4; voL ID, No. 1- 

1041. Aq archaeolo^dcal eixr^JElon to IndochLaa and Xh& Plillltppiaes. Har- 

Tard Jonra. Asiatic Stad., tot. 6, No. 2. 

1944 Nates Od ChEaese Enfluence la the PlYEIEppInea Id pro-Spanlah times. 
Harvard Joum. Aslnde Stod^ toL No. 1. 

EftiMiyi, H. W. 

1042. Feaples of the PldUpplneSL SniJtlisoDlan Inst. Wor Backfrouad Stud. 

No. 4. 

Liturcft, Br-avHOLD. 

lOCJT., The relations of the CtiEaese to the FhlEEpE>Ene Islands. SEnlthsonlaa 
Wise, ColE., Tol. 50 (Quart. Issae. toI. 4), pp. 24S-2B4. 

Bofia. W. 

iBto. New data oa ChEnese and Siamese ceraaile wares of the 14th and l5th 
centuries. PhLUppIno Ma^., voi. 2T, Nos, 3 and 4, Aapist and 
September. 

SltARIJ:, Ah E. 

1020-1030. An encyelopedEa of the ceramic art LondOB. 

EXPLANATION OF PLATES 
PlATfi 1 

Lm-; Fenagp&tajan (Calntagna), Lnzan. Tomb No. m Shcietan, an the hacfc^ 
atendiriff nortb-souih, the feet to the south. The skuE) Ig missEn^H 
heEn* replaeed by a dark-in^n glaied bowl, Bllehtlr damagHl. adorned 
aatslde with a convent tonnlEsed loins pattero. At ihe feel are placed 
two lEsht-green glased bowls wEth no decora Hon. Height 3.2 cm. and 
3,6 opa. AEl three howls were found En Inverted poBltlon. (Fhoiograpb 
bj O, Janse.!) 

CErneBs Penagpatnjnn (Calata^n), Lman. Tomb No. ig. Skeleton, aa the 
back, extendEn^ north-soatl:t, the skull to the sotiHi. Behind the fikall 
an eared, pear-ahaped earthenware hot tie with the missing. 

Height, 0.7 cm. Over the middle reitton was placed En Envertod posl- 
tEon a "hale-botlotn** dish.^ dEn meter, 12.5 cm ImmedTnteiy above the 
knees waa u blue and white porcelain dish wEtb waved edge and bottom 
ridge, la tbe center are »eea a rh*^Hn and dEtferent s^mbiillc eIrtis 
( fire, clouda, etc,). At the hack of tlis nh'Hin \b b sand spot due lo had 
baking of the ware. Along the ed;Bes are geometrle patterns. Outside, 
between the bottom ridge and the edge, are dots and curred |Enes (coo- 
vsntianallzed flowers or leaves)* DEameter, ILT cm. At the right foot 
wfts a badly damaged glohalar earthenware red vast 
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BmBf: Fnj Tflaos (Calntngfto), Luwa. T<iiBb No. 31. Bkeleton la very bad 
Bfat« of ppes^nfatlon. on the tacit, ei tending noTth-taath, the skull to 
the Bonlh. At the right am) was placed verttcally a ht«P and cream- 
wlored Baacer decorated inside and ontetde with concentlonallaed flower 
patterns. Diameter, ISJ cm. Ocer the middie reRlen were placed in 
liiTertcd posit I on three howls, tw« of them broken, white and light 
hlue, dwomied along the month {outaide) with o row of leaves. Inside 
no decomtlon. Height 4-3 na, ntid 5,2 cm. The third bowl, blue and 
white, la entirely glased, even the base and the foot ring. Outside 
Blnng the mouth, one hotlEontal blue line: another around the foot ring. 
Inside, some blue horlsfmtal lines. Height, 5.4 cm. Above the knees 
wits found e blue and white dish decorated wttli a "flower in a vase.” 

ibe feet wns found, tn Torticiil penal tion, ft cnwini^ol&Sfed bowl 
with foot ring and a btuc-greenlsh decnmtloii. Inside, in the center, 
snrmunded by a circle, a ccnventlonBUsed lotus. Ontslde, along the 
month, groups of oblique lines and few curved ones. Height, 6U cm, 
About half a meter from the right knee waa found a native red ware 
VftjK with eloDgated, vertical Jmpre&fions, Height, 11 c03. 

flats 2 

Uprea: Test trenches being dug at JJnlasvtn (Hat), Dallplt, Dnaon, where a 
hronae ai of Dong-son type la said to have been found- In the fore¬ 
ground, back to the camera, Is Mr. Sison of the National Library, Alnnilai 
who was asked by the Secretary of National Education to accompany 
the autlior and serve as an Interpreter. To the right of Mr. Sison is 
the local constahulnrlo. (Photograph by O. Janse.) 

Low&: Skeletons from tomhB 1 and 2, Penngpatayan (Calatagan), Luson, after 
the fonemry deposit had been cleared. The two skeletons, on the hack, 
extending north-sonth, looking la opposite directions. Tbe limestone 
gronnd on both sides of the ejicletoas Is visible In the picture. The lomba 
coatalned numerons ceramics. 

Futc 3 

Ijrt: Part flf ft st el ft ton wttb tlis akull facing uoTtbftaat. placed In a l»wL 
Some ftkeletHl rftEialDs, close to the Bltullp pive tbe Iniprcsslon 

hftTiuf been corapressefl In ft container wbkh bas not been preserred. 
Tbe bcn?i la glazed^ adorned outsWe ytlih mlst^ iraTed 11003. DlameEcrs 
13^ cm. Kfty Tomas (CalBtiigftn), Luzon, 

Clo« to tbe bowl waa found ii iarECp well-preaerred blue und crftaai- 
colored porcelain dirfi with a flower dcalgm On tbe outside fonr wheel- 
Bhaped flowers wiib tbelr brftnchesL The dlali was In in^^eried poaltioiL 
Diameter, 20,5 cm. Near tte dish was pletced a notice globular red- 
wnre vaSft. Hel|bt+ 14-B cm 

Biant: PenagrotaFftn (CalataganL Loxon. Tomb No. 4- Humnn bonca and 
a swan akull, probably tbnt of a child. Orer the bones of ibe tborrn 
waa an InrertHl bowl, and around the bowl Cregmenta of a large naaT® 
rase of reil ware orlt^ioallj lUTOrted to eoTftr the bowl, which waa greea 
glazed and niidecoratedp measurtag about 12 mo. In dtaineser. 
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Flat* 4 

I^rr; Blue and wblte glazed dlaL with a cA'Mfn and varloua a^mboUc and 
gconietrLca] patterm. FenRgpata^aa (QalaUigqn)^ Lqzodu 
C arrrEB, urrai; Bowl with foot ring, cr^aiii-colored glaze ixnd bine decoratloiL 
jQalde St tbe bottom tbe chatucber fy, tbe same component that Is 
a&ed to Indicate Fu Shen, tbo god of happiness. Outside the rim Is a 
zone witb nhliiitie ILnea Around tbe footing a leaf patterup posslblj- 
coQTentlnnalized arteEuesEa Jeaves. Height, B.5 am 
CcifT£tt, town; Part of a bine and white dlidi with fdot king as Been from 
below+ Inside at the bottom flTe flowei^^ leayes and braneb^ Inside 
patfiUei Bncm On the sides, tiotb Inside and out, a ilmllar pattern, 
fnie space laalde tbe foot ring is glazed. Hlameter^ cm. Panag' 
patojaa <CalBtagan)t Luzon, Tomb No. 5. 

Eiobt: Llgfat-greenlsb porcelain dUb with foot ring. I>ark-greenfab deoomdon. 
Inside^ a cbrysanthemum In a vafle. Outside, no decoration. Diameter, 
19 cim Incidental Und. Kaj Tomas (Cdlstagan), I^ozom 

Plate 5 


Uppkr: Glazed blue and white bowl with foot ring, decorated at tbe bottam 
taaLdo with shell pattern; outside, a row of artemesla loa^res. Helghti 
S cm. Ehj Tbomas (Cnlatagan), Luzon, anrface find. 

Lowits! ^Hole'hottoBi’’ sancor decorated with a fish and seaweed patterns, 
Feaagpatajf'an (Calatagan)^ Luzon. Tomb No. 7, 


Pl-ATK 6 

Ufpeb : Glazed Mue find white pear shaped jarlet with coiiTentJonaUzed flower 
or leaf patterns. Height* about cm. Kay Tomfis (Calatugan), Luzon. 

Cestte,* Oiazed jellowlsh bow] with foot ring and prOTlded outside with an 
Incised conrentloufilized lotus pattern. Height, d chl Fenagpalayan 
(Colalagan), Luzon, 

Loweb: Glazed llght-greenteb bowl with low foot ring and sUgbtly out-hent 
month, Tbe glaze Is cracklefl. The foot ring Is unglazed. Height. fl-B 
cm. Kay Toknas (CaJatfigan) , Lttzon. Tomb No. U. 


PiAtz 7 


Lett ; Fear^sbapod bottle of browulsh, glazed earthenware, origtaally provided 
with two smalt handles ou the ahoniders. The fiet* is low find soma- 
wbat currol The bottom la iifigiazed, reddish. Height, l0.iS cm. 
I'pnnSPotflyan (Calatfi^), Luzon. Tomb Ko. 3 
Cnm®: Llght-Breen EUwd bottle wltb tbe toot rinK twp enuiU hanaiei 
Oa tbe .boDlders and on tbe Iwdy wveral dark IJqea Fuminr In vartons 
dlrecUone. Tbe lower part of tbe body |g red, ueglued, Hel^t 105 
HU. KaTTomM. IbcldCDtid fled. Pbffllbly Saruikimlok ware. Oolt 
SScbel 


Bioht: Almeat rcBr-abHiied eaitbenware bottle wltb orlHoaiiy muk-whlte ela» 
werins tbe body except at the bottom. The *!«» baa partly 
lerEorated. At tbe bottom Is a foot rlnj. The beck la on the 

ahodiacra trace* of two mnall bandies. Foned near tbe akoU of the 
SI ta tomb No. 1. penscpatayaa tCalaiofan), Lomil Helflht. 
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PUT^fl 

Uppta: Donbl&^ged Iron knife with tenant IjEngth, 14,4 cm, Pcnngputi^oil 
CCalfitagaa)t Dizon. Tcmb 14^ 

ucit: Bmcclet with square ero^ Beciion of lilghi-hlnlBh matter. Dl- 
aiueter, 73 cm. Kay Thomaa (CalatHgan)^ Luton, Surface find, A 
sLmllnr brai^elet waB fonnd In tomb Nq. £6 at Kay Tom fist 

Cejctbe, miam:: Bracket of llght-green matter {glass or gJass pasted) with filmoat 
trEaagular cross secUom Diameter^ (S3 cm. Kny Tomas (Caliitfigaa)t 
Luzon. Tomb No, 12. Another etmilfir bracelet was foand ta the sjamr 
tomb. 

LowEK^ LETtt Almost cylindrical harulte H) nf hone^ slightly carrowing toward 
one end. At the wfder end are two pftrallel mvcLtlngs and at the nai^ 
rower end one anch swelling. The surface is ]>o|[sheiL Length, 3.6 cm. 
Polocig Bacao (Calatngnn }, Lnaon. Tomb No. £. 

Lowcb, sight; Part of a handle made of a hollowed doer aotler (?). Pnlong 
Baefio (CalatJigaD)p Luzon. Sorface dnd. 

Plate 0 

Chinese chsraetoTs on potsherds belonging to tho bottom of Titrloas eeramics. 

CTFESf uant Cbamcter/Up happiness. Ka^r' Tomfis (Calatagan), Luson, Tomb 
No, 15. 

UfftB, eeobt: Character fu. bspplcess Kay Tomas (CBlstagan), Luzon. Snr' 
face Qnd. 

Crm^: Character oJia^ tea, Kay Tomas (CsJfttaganJp Ltizc»a, Tomb No, 1&, 

Lowes. ££?t: Character meanLng long life. Penagpatayan (Calfita^a)i Ltiion, 
Surface find. The man la the character may he Shon Bslng, the god 
of longevity. 

r^wcB, aroHr; Character meaning white (pnrItyT). Kay Tomws (Calatagsii)p 
Luzon. Surface find, 

PlATUlO 

Left; Potsherd (glszedH bine and whStlshL showing moire or less conrentlon- 
filized lotus pnttom on the bottota^ Inside. Surface find from Kay 
Tbnms (C^latagan)i Luzon, 

limuT: Potsherd {glazed blue and whltlfib), fibowlng more or leas convention¬ 
al Lzed lotus tiattoriL Surface hud from Kay Tomas (Calatagna)^ Luzoru 

PlJiIx 11 

LrFT! Port of a large dish frlm find interJor). Surface dud at Kay Tomas 
(CaUtngan), Luzon. 

Cg?nxft: Part of a dish, hlne and white., Bobekbnng, BaaUan Islnnd. 

JUght; Part of n Jar, white glazed with brownish flower dcsEgft CIncised out¬ 
lines), Surfnee find from Kay Tonms (CalatfigaA)^ Luzoix 

IbATE 12 

Left; Part of a giazed hlue and white cernmle, showing a rinecau psttera. 
PeoDgpatayan {CslfitogeDi^ Luzon. Surface find. 

Hight: Part of saneer^ glazcil blue and white, showing the InterlDr (bottom) 
with flsJi design, Kay Tomas (Cnlatagflnh Liizwi- Surface find. The 
design appears to represent an Intermediate stage between, tbe ennmeifid 
goldflsb of the hole-bottom sancer type and the blue design seen on son» 
amfil) glased dlabesL 
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UrpEa, oett: Part of a coter from the Wfln4t period (1573-1^> foonil at thfl 
saaie p1a<:c wbore prerLouai? two atooe fttatuea are said to hare boea 
foiled, PaJambanf (CaLatagan)^ T|ie cover Is glazed, decorated 

wLtfa goouietrlcal iind conventionally dower deslpia in red and irveoiL 
Uvpca, idOllT! Jar of gmylah ware wltb a broase goof u^ed as ltd, found bj Fr. 
Worc^tcr at Bobclebun^, Lamltan, Ba~^llazi Ealand. The Jar coQtaLaed 
namorous beads of three oman hronxe rattles^ ceraoile bowls and 
dLshcs (blue and whJtet^ and Cblnese coins from the htteenih centur^i 
Low^: Slue and white ceraiules (liir^e dish and bow]} said to have been found 
near Lamltan^ Basf Eon island. Private coltecUou^ 

Pz^Tt; 14 

White glased potsherds with red and green decoratSon Cconventlonallzed 
fiowera and geometrleal patterns) from the Wao-H p^rjod US73-102OK 
Upper and center found In tomh No. 15^ Ka>^ Tomas (CalutaganK Luzon, 

Plate 15 

Stono implements found at Kay Tdmns. All the objects are aurface finds- 
End of a flat bnlfo or steltle orlg[nHlly possJhlj in shape of n section of 
a disk. One face shows ntitneroiis strokcg in all directions, which indl^ 
cate that the fragment was used as no anrSL, Sandstone. 

Cntmj Almost oval grinder of light-green stoue^ one face llattcned by grinding. 
Ixiwcii, lipt: As of dark stone wUh dork-greenleh surface. The edge has been 
partly broken In recent tlmea. 

I^'Es, tioar: Lower part of u ix^Ue with elUptic section. Sandstone 
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PALESTINIAN POTTERY IN BIBLE TIMES ^ 


Hy J. L. Khm 

and 

J. Palis Tfloauer 
Ea&t L^i;vrpaD[^ Oji-to 


(With t 

We live in a day of Ejnthetics—synthetic rnbberi synthetic gasolinB^ 
synthetic perfumes, and countless others. The first synthetic to be 
discovered by rtiattkind was pottery^ an artiBcinl stone produced by 
firing clay shapes to a temperature i^ufficiently high to change the 
physical and chemical properties of the original clay into a new sub¬ 
stance with many of tlie characteristics of stone. Some of the enrliest 
known pottery in the world comes from Palestine, where it was known 
and used as early as 5000 B* A study of this pottery proves that the 
early Palestinian potters made striking progress in mastering the 
numerous technical problems involved in the various types of clays, in 
fashioning tecImiqueS) in decorative styles, and in firing methods. 

It is the stonelike property of pottery which makes it so invaluable 
to the archeologist for, even if a pr is brokeu into pieces, the fragments 
are imperishable. Tlie fires w'hich destroyed so many incient cities did 
not afiCfCt them; the rains of tho centuries and the chemicals in the soil 
did not change them* Glue the broken pieces together and you have 
tlie veiy vessel itself which the ancients used I Tliis imperishable 
nature of pottery makes it the most common find in any excavation, and 
it usually outranks in quantity all other finds put tegeUxer, 

The ancient w orld was style-conscious about ita pot tery, and thus new 
shapes were constantly replacing old ones just as they do today in 
modem tablowani. It is by a patient, painstaking study of these 
ancient pottery styles that the arclieologist has learned at what date a 
new style arrived and at what date it went off the market* Some styles 
were rather persistent in long life cycles, but others changed more 
rapidly. It is these latter which furnish the ardieologi^t his most 
important calendar for ancient Palestine* 

» Bdpriotea hj inm Th* BI^UeaI ArebatglxjilBt. T^^l. He. Decmitwr 10*0. 
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Historical dates carved in stone or written with ink on pnpjrus are, 
of course, the ideal calendar data, but they are seldom preserved for the 
archeologist in Palestine. The fires of the conquerors which destroyed 
the cities not only burned up the papyrus records, but also quickly 
calcined any limestone inscriptions. Even iftheyescapcdtbefires, the 
rains of the centuries have almost always destroyed both. Thus the 
archeologist is forced to do most of his dating in Palestine from 
pottery. The accuracy of this method, however, is assured, for south¬ 
west of Palestine lies Egypt, from which objects were imported and in 
which pottery from Palestine is found. In Egypt these objects are 
dated by s wealth of inscriptional data. In fact, it was Sir William 
Flinders Petrie, the Egyptologist, who first discovered the importance 
of dating by means of pottery when he worked in Palestine in 1890. 
It was not until about 15 years ago, however, that the complete calendar 
for Palestinian ceramics was worked out 

PALESTINE'S jVECHEQLOGICAL PERIODS 

The major periods of Palestinian histoiy in terms of pottery chronol¬ 
ogy are as follows: 

Neolithic Age —c. 60OO-4SO0 B. C. It was toward the close of this 
period that pottery first appears, e. SOOO B. C. 

Chalcalithic Age —c. 4r>00-3000 B. C, This was the great period 
of irrigation culture in Palestine end the time that copper was 
introduced into use there. 

Early Bronse Age--^. 3000-2000 B, C. These years saw Egyp¬ 
tian Dynastic history begin and Egypt exert a strong cultural 
influence on Palestine. 

itiddh Bronse Age —e. 2000-1500 B. C. Palestine was under 
Egyptian political domiuation when this period opened and 
remained so through the days of Abralmin ±1900 B. C. The 
Ilyksos, however, captured Palestine aud Egypt in the days of 
Joseph and controlled both lands until Egypt sprang back 
as a world power about the end of this period. 

Late Bronse Age —c. 1500-1200 B. C. This marked the close of 
Israel’s sojourn in Egypt, the Exodus, and Joshua’s conquest of 
Palestine. 

Iron Age I — c. 1200-1000 B. C. The period of the Judges to the 
time of David, during which iron came into common use. 

Iron Age f! —c. 1000-587 B. C. From David to the dest ruct ion of 
Jerusalem, 

Iron Age III — 58T-S33 B. C, Exilic and post-exilic period; pre¬ 
dominantly Persian period, 

Tlrdl^nditAo Period —333-63 B. C, Alexander the Great, to Roman 
conquest of Palestine. 
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Roman Period--fS^ B. C.-A, D. New Testament and early 
church. 

Each of these major periods is^ of course, broken up into variotis 
minor ones depending upon ntimerous dct&ils m the ehauges in style 
and in types of Tvara within a major period. Using pottery alone for 
calendar purposes, the date of any city of Bible times can be worked 
out to within about SO years of its life date^ Sometimes tlve sudden 
api>earance of a foreign pottery gives an exact date, as when the 
Philistines invaded Palestine and brought along a brand new typo of 
pottery. Tlie perfect example of date is illustrated by an inscription 
on a bowl found in Lucbish which may enable us to date the conquest 
of that city by Joshua about 1S30 B, C* The mo^ striking piece of 
historical research using the pottery calendar has been done by Dr. 
Nelson Glueck, Director of the American School in Jerusalem. He 
has visited virtually every ancient site in Transjordan south of the 
Tarmuk Eiver, and by a careful study of the pottery found on each 
site, he has been able to work out in broad out lines the hiatory of 
Transjordan from prehistoric times. 

Until Abraham'S time most Palestinian pottery was band-made. 
This type of pottery' can be recognized quickly for it lacks the per¬ 
fect symmetry of ware thrown on the potter^s wheel. Some hand¬ 
made pottery is of eggshell thinness, but in geneml it is heavier than 
thi'own ware. In one common type of hand-made ware the vessel was 
built up of coils of wet clay. Then with the fingers of one hand press¬ 
ing against the inside of the jar and the fingers of the other hand work¬ 
ing against the outside, the clay w as modeled into the desired sliape. 
Another type v^as made by molding the day over some desired shape 
such as a basket or a broken jar. Other techniques also were used, 
and witli all of them there might be a final truing-up process while 
the jar was turned round and round upon a mat. If the vessel w’ua a 
large one, it was built up on the instaUbient plan, allowing the lower 
sections to dry somewhat before m\y ones were added, lest the weight 
of too much wet day cause the walls to collapse. Ajnerican Indian 
potteiy is a good example of hand-made w'au'e. The true potter^s 
wheel was never discovered by the early American Indians. 

A few of the most characteristic features of Palestinian pottery bo- 
foro Abraham^s time are: flat bottoms, wide mouths, inverted rims, 
and spouts. Handles were of the smsdl pierecd-lug type for hanging 
ware, the heavy ledge type for lifting large vessels, and the graceful 
high-looped handle for tableware^ The mo^t common decoration was 
burnishing (s^ below), which to the inexperienced looks like a iiolish 
and is often incorrectly called so. In painted ware the moat common 
decoration was a drip or net design. 

The invention of the true fast-spinning potler^s wheel revolutionired 

17 - 2 ;^ 
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the whole pottery industry^ not only speeding up production phenom¬ 
enally but also improving structural design and estlietic qualities. 
The older flat-bottomed Jars were replaced by round-bottomed ones 
which did not break so easily. Narrow months were now made as 
easily as wide ones. Spouts largely diaippeared because a thrown Jar 
has & symmetrical edge tliat pours well- (Spouts were always break- 
ing of! anyway-) The wheel made accurately spaced burnishing pos¬ 
sible—a better finish than hand work could produce. 

The true potter's wheel introduced a new principle into ancient 
ceramics, namely centrifugal force- “A ball of good plastic clay is 
placed at the center of the whech ^hicU Is then turned rapidly cither 
by on apprentice or by the potter himself. The action of the ceu’^ 
trifugal force upon the ball of clay as it is modified by the fashioning 
hand of the potter^ produces the shape. This gives to tlirown potteiy 
a liveliness and spontaneity of form that no other method can ap¬ 
proach.”^ At first there was a single wheel turned by hazid^ 
Later came the double wheel, where a foot-power wheel turned the 
small thrower^s wheel. This seems to have been a Greek improve¬ 
ment. The ancient potter^g wheel, like the present-day one, normally 
ran counterclockwise. After the introduction of tlie potter^ wheel 
into Palestine hand-made w'aro was seldom produced until recent 
Arab times. 

The pottcr^a wheel also produced anotlier technique which is called 
turning. Wlien a tlirown-clay vessel becomes leather-hard, it can 
be replaced upon the wheel and then with a cutting tool some of ita 
clay can be shaved away just as wood or steel is turned on a lathe. 
Thus more delicate and refined shapes could be made. 

By Josephus time Hyksos control over Palestine produced a cul¬ 
tural golden age. Artisans used tlie potter’s wheel so brilliantly that 
tliey became the most skillful potters that Palestine ever produced. 
Indeed their pottery forms xiccasionally challenge the best Greek 
work. Hie Hyksos were conquered by the Egyptians c. 1550 B* C, 
and Egj^pt took over the rule of Palestine until the time of Joshua’s 
conquest c, 1230 B. C. During these years between Genesis and Exo¬ 
dus Palestine declined in prosperity and the native pottery is witness 
to a cultural slump. A fine new foreign pottery arrived about tho 
middle of this period. It was the famous Mycenaean pottery, known 
best in the Aegean area although the particular ware that is found 
in Palestine was more likely manufactured in Cyprus and Phoenicia^ 

After Joshua’s conquest, the Israelites continued the traditional 
sliapes of Palestinian pottery. They did little painting, although the 
preceding Canaanite phase had seen the greatest use of painting as a 
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decorati Ye mot if in the ent ire history of Palest in ian cer a mica. Perhaps 
one of Israel’s most interesting contribations was a lamp with sevea 
wicks—a etribing ceramic adaptation of tlie theme of the scYen- 
branched candlestick in the Shiloh tabernacle^ In the days of the 
Judges the land was invaded bj the sea peoples of whom the most im¬ 
portant were the Philistines, Their pottery presented fine forms and 
striking painted designs such as the swan pluming itself^ the Maltese 
cross, and the Ionic spirals. Tlie Israelite potters ignored these new 
painting designs but did improve the forms of their wares under Phil¬ 
istine incentive. By David^s day lai'aelite pottery was on Ote up¬ 
swing, pai-ticularly in bumislicd ware which exhibited a wide variety 
of beautiful designs. 

Israelite pottery is seen at its best in the days of the divided king¬ 
dom^ Tile following were some of the wares displayed in the pottery 
bazaars of the days of Jeremiah. The most expensive, because of the 
difficulty of manufacture, were the great four-handled banquet bowls^ 
about the size of modern puncli bowK The lines of these bowls have a 



Fiauttc 1—Judean water Jaim, s;irahqb]Y dating fr^m tUe time of Jeiremlnh^ wliich 
were fouad at TcLL Holt JUEislm (Debir>, Kate tUe ^rndua ted sl£es. 

subtle loveline^ and on the interior their beauty is intetisiBcd by 
narrow spiral bumishingg alternating with similarly spaced unbum- 
ished spirals. Bowls then descended in various shapes and sizes until 
they becamo as small as modern sauce dishes. Some of these are as 
delicate as the best modem tableware. Plates were the rarest of all 
Israelite dishes. 

Another strikingly artistic piece was the ring-bumished water 
decanter (fig. 1), It is the “potterearthen bottle” referred to by 
Jeremiah in his object-lesson sermon (ch. 19)* Pitchers, averaging 
around 0 inches in height, came in three grades; superior ware, ski lb 
fully thrown and showing a vitality and spontaneity of line often 
missing in the more mo thematically precise Greek pottery; standard 
wars; and cheap ware, L e., ^6ve and ten cent store’^ goods. Cups ran 
with or without handles and those without handles were form-fitted 
to the hand* 

Olivo oil was used in various types of cruets and elongated pear- 
shaped Juglcts. Another common use of a juglet was to hold perfume* 
Some jugleta have perforated bottoms and were used for sprinkling 
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aromatic seeds upon caies before baking. The yarious-siied cooking 
pots were the commonest pottery article in the household. They were 
cither wide-mouthed shallow vessels or small-mouthed ware with an 
almost spherical body. Both types were made with an especially heavy 
temper of tiny crushed atone fragments so as partly to compensate for 
the expansion and contraction of alternate heating and cooling while 
in use. Much pottery served for the storage of w'ine and oiL These 
jars might hold as much ns a bath (23.SS quarts). The handles of the 
latter often bear inscriptions showing that they belonged to the royal 
Israelite treasury. A few actually bear the name of King Jehoiachin. 
Wide-mouthed jars were also used for the storage of grain and other 
dry materials. It wns kitchen-sized jars of this type that Gideon used 
to carry his torches in the Midianite campaign (Judges T). 

The destruction of Judah’s cities by Nebuchadnezzar in 598-7 B. C- 
was 30 ruthless that many of her cities completely disappeared from 
history and others made only a belated resurrection. Thus the exilic 
and post-exilic periods mark another era of depression. Native Israel¬ 
ite pottery shows this slump although it was offset by a good incoming 
Greek influence. Even before Alexander the Great, Greek pottery was 
invading the Palestinian market in quantity. In the Hellenistic period 
its influence improved the native wares. Although the Bomans took 
over the government of Palestine in 63 B. C-, their cultural influence 
was much slower in exerting its effect It is represented chiefly by 
imported Eoman pottery, especially that of the press-mold type such 
as Arretina ware with its intricate blending of floral and human 
patterns. Native ware is often characterized by a fine ribbed or cor¬ 
rugated effect Present-day tourists find more of this kind than of 
any other ware of Bible times. 

Throughout antiquity the land of Palestine was a pottery unit, al¬ 
though the southern section naturally showed more Egyptian influence 
ihnn did Galilee and northern Transjordan, whereas the latter showed 
more Syrian influence than did the south. Up to the time of Abraham 
or thereabouts, Transjordanian pottery was almost identical with that 
west of the Jordan. About that time, however, a variety of influences 
caused the inhabitants of the country south of the Jabbok River to 
return to a nomadic life in which they remained until shortly before 
Joshua’s invasion. After 1200 B. C. southern Transjordanian potter>' 
took on some special features, particularly in decoration. From then 
on, its ware was more closely related to that of Syria and Arabia than 
t o that of western Palestine. 

The Nabataeans, an Arabian tribe, who became so important in 
Transjordan after the days of Ezra and Xehemiah and remained so 
through much of New Testament times, introduced a special typo of 
pottery in^ired by Greek models. It represents one of the high- 
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■sTOter marks of Pa lesti tiian pottery. Theirfinestwareis imbelierably 
thm and of exquisite line. Its painted Tfsre offers samething new to 
Palestine as it includes “stylized floral or leaf patterns” irith heavy 
emphasis upon the grape design. The Nabataeans also used rouletted 
and sigillata ware, whose designs were imprinted in the clay by various 
methods. 

Vessels of gold, silver, and copper were more precious than Pales^ 
tine’s cenimic wares; thus her pottery must be studied primarily as 
conunercial ware rather than as artistic masterpieces like the best Greek 
ware. On the other band, it must be pointed out that the esthetic 
rating of much of this ware averages higher than modem commercial 
ware and at times it is tme art worthy of a place in a museum. Most 
of their pottery was red-clay ware, i. o., the finished ware had a rich 
red color when properly fired. Some Israelite wares were made in a 
glossy black finish which was produced by various techniques. White 
ware was usually imported. 

Pottery represented one of the major manufacturing industries of 
ths ancient world and the Israelite potters belonged to what we call 
today “np and coming businessmen.” They had already mastered 
many of the economic short cuts used in present-day potteries. They 
created special fashioning processes so that cheaper grades of clay 
could be utilized. They knew the various temperatures at which to 
fire their ware, depending upon the impurities in the clay and the pur¬ 
poses for which the ware was intended, They could quickly multiply 
the output by combining throwing and turning techniques rather than 
by using the more expensive throwing only; yet at the same time the 
turner was so wilful one can seldom see where his work joins that of 
the throwers. They used assembly-line methods where different men 
performed different processes in the course of manufacture. They bad 
standard styles which ran in staggered sizes, just as we do today. 
Pride of manufacture is sliown in &e use of trade-marks, particularly 
on cooking pots, which, after all, had the greatest market. 

The pottery industry was organized in families and guilds (I Chron¬ 
icles 4; 23). The most difficult art for the apprentice to master was 
the firing of the kiln and this skill was probably passed on from father 
to son. “An estimate of the skill required in firing a kiln is perhaps 
best shown by the fact that the ancient Greeks besought the aid of the 
gods at this point in their work and the medieval potters offered 
prayers before firing their kiliis.’’ 

rOTTEnY AS ARTiaTlG ACHIEVESIENT 

IVom the esthetic viewpoint the best pottery forms ever produced 
in Palestine were in the Hyksos period about the time of Josep^ 
Indeed, the potters of this time attained an ejtpressive quality, a sens!- 
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tiVity atid Titality of form often esthetically mm^ appe&ling than the 
frozen perfection of the Greeks^ The Greeks attained great heights 
of mechanical or mathematical precision or accuracy, but the result 
Avus often cold and impersonal. Their perfection missed certain 
qualities of great esthetic importance: namely, sensitiAity and vitality, 
two qualities inherent in, and essential to, any work of art. These 
qualities the Palestinian potter realized m his bast work, and this 
spontaneous quality makes his work more akin to the Chinese than 
to the Greek. 

The skillful craftsmanship of the Palestinian potter was such that 
one may surmise that in a Greek environment, such s craftsman would 
have successfully contended with the Greek potter in skillful work¬ 
manship. These potters were always skillful craftsmen and at best 
were artistg with sufficient plastic appreciation to avoid the error or 
temptation to esalt craftsninrLsliip above expressive sensibility. 

While the Palestinian potter was not attempting to ivchtevc an object 
of luxury and was concerned only with making a useful pot, neverthe¬ 
less he also made a beautiful pot. The artistic qualities he attained 
were the direct outcome of his rapid method of production Avhich gave 
a spontaneity and vitality to hh forms and contours. He refrained 
from overdoing perfection or attempts to *^gild the lily ” He was 
content to let “Avell enough alone ” perhaps because he was not making 
a luxury item, but a pot to serve tlie needs of his patrons. In this 
objective bo was admirably successfuL 

DECOHATTON OF FaTTERT 

Both the Canaanite and the Israelite potters, however, bad one 
major shortcoming I They did not employ glaze. This indictment 
against the Palestinian potter is the more serious, for even before 
Abrahamtime they had used a slip which was very close to a true 
glaze. Although they did not follow up this lead and produce a true 
glaze, it is the only major ceramic process which they did not master* 

In the field of ceramic decoration their major methods were the use 
of slip, burnishing, and painting* The use of slip in ceramics is 
related to the use of plating in metallurgy^ Just as we put a thin 
coating of silver over a cheap metal base and thus get a finish which 
looks like solid silver, so the potter can put a thin coating of a superior 
clay upon a cheaper ceramic body and then the fired ware will look 
HS if the piece Avere made of superior clay throughout. In practice, 
however, slip was usually employed only on that part of the ware 
which was easily seen. Slip also permitted color varjationa and this 
was important since most Palestinian clays Avere ordinary red day. 
The cheapest form of *^cerainic veneer” is called wash. This is applied 
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to the yrstTB after it oomes out of the kiln and thus, like calcimine on 
a wallj it will wash off when water is applied^ 

Burnish leaves sometliing of a glazelike finish although it is in 
no way related to a glaze. It is sometimes miscalled polish by careless 
writers. ^‘Burnishing is done by sealing the surface poreg of the 
leather-hard clay by pressing them in with a pebble, or a tool of metal 
or bone, TliU effect is secured either by holding llie bowl in the hand^ 
or by preissing the bumisliing tool against the vessel as it spina upon 
the wheel. In polishing, the surface clay is removed from the ware, 
but in burnishing the surface clay is pressed gently into the ware.^ 

The painting of pottery began as early as neolithic tiiuos, but was 
seldom used oa widely a^ burnishing. The late Bronze Age was the 
most prolific in its use, and after that period Transjordan was more 
favorable toward it tlian western Palestine. Whitei black, and red 
ara the most common colors; blue^ purple, yellow, and orange are 
rare^ The majority of tlieir colors were probably native cartlis such 
as the umbers and ochres. Ceramic painting presents some special 
problems* The clay surface is absorbent and therefore no corrections 
can be made upon it. The painting ‘^must be spontaneous, swift and 
complete, otlierivise the clay absorbs unequal amounts of paint at 
different points, and the accuracy of tire line is ruined. A line cannot 
be retouched, for the point of correction will show a blot. Thus the 
painter must have every detail of his composition definitely fixed in 
mind before he puts his brush to the day. Also since much pottery 
has a circular surface, the design must be so well conceived and exe¬ 
cuted that the point of juncture is not noticeable.” If the ware is to be 
fired after painting, Uten the colors will be changed in the kiln and 
the artist must work out his composition with Ills finished colors In 
mind rather than with the actual colors he places on the clay surface. 

HOUSEHOLD mOLS IN CLAY 

There is still another important field of ceramics for Old Testament 
students and that is the heathen household gods* These little pottery 
idols are of two tjpes^ The earli^ is s plaque, which was used by 
the Canaanites before Joshua's conquest. It Js elliptical in shape and 
about 3 inches In length. It portrays in bas-relief the naked Canaanite 
mother-goddess of fertility. She usually holds in her hands the lotus 
blossoms which are one of her symbols* She generally wears an 
Eg3'ptJan headdress with long curls over the ears. She apparently 
borrowed this from her Egyptian relatives the goddess Hathor. The 
second type of idol is the ‘‘snow-man” type, which came into Israel 
by way of Phoenicia and continued until the destruction of Jerusalem. 
These are the household idols so vividly cendeiuaed by the prophets. 
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These idols represent n new technique in pottery manufacture. It 
is the preis-mold type of work. Tlie older plaque idol was made hy 
impressing a lean wet clay upon an intaglio mold of the goddes. 
When the clay had dried sufficiently to shrink away from the mold, ^6 
plaque was set aside to dry tlioroughly, after which it was fined like 
nny other piece of pottery. The snow-man type ivas a two-piece 
job; the head was made in a press-mold and the body was modeled 
freehand; the two were then joined while leather-hard. Other pottery 
cult objects used in the worship of the Canaanite fertility goddess 
were bulls, doves, and small stylized trees with a lamp in the branches. 
The snake is another member of her cultic family and often appears 
ns decoration on the vessels used in her worship. Two-story pottery 
shrines have been found as well as a multiple-storied incense altar 
where lion stands upon lion, 

OTHER DaK3 OP POn’EUT 

Pottery objects were used from the cradle to the grave. At one 
extreme of life they furnished toys for the children, such as war 
horses for the boys and dolls and tiny cooking pots for the girls. 
Pottery even furnished the feeding bottle and the rattle for the 
baby's entertainment At the other end of life pottery caskets were 
sometimes used for the dead. 

Industry made use of pottery tools, such as tlie loom weights of the 
weaver. In Israelite times these were always doughnut-shaped but 
came in many sizes. If the siege of a city lasted too long and the army 
ran out of sling stones, they would bake clay balls of similar size and 
use them as suljstitiites. The soldier carried a pottery canteen which 
w'as so made that it kept the drinking water cool. 

Both the businessman and the diplomat in patrinixhal times wrote 
with a stylus on day tablets. If the documents were especially valu¬ 
able they would be fired in a kiln and thus become imperishable pottery 
whose contents could never be tampered w*ith. Even maps were drawn 
on clay long before Abraham’s time. 

Pottery was used as illustrative material by the prophets and preach¬ 
ers of Bible times. Some of the more important passages are: Psalms 
3; 9, Isaiah 45: 9, 64; 8, Jeremiah 18: 1-5, 19: 1-13, Zechariah 11: IS, 
Matthew 27:7-10, Romans 9; 20-24. 

Cheap jewelry and gaming pieces were sometimes made of day as 
were the buttons and spindle whorls of the poor. In tlie days of Jesus 
even theater tickets were pottery pieces. It was the pottery lamp that 
gave light to the house at night and the pottery brazier that warmed it 
in the winter. The lamp often went to the cemetery and was buried 
with the dead. 

Even broken dbbes liave their work to do. Larger fragmenta served 
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as scoops or dippers. In thein coals Trcre carried from one kltcheo firo 
to another (Isaiah 30^4)* They took the plac^ of papyrus and in 
Samaria the Israelite government even used potsherds on which to 
write tax receipts. The procioos Lachish letters which show ns Hebrew 
writing from Jeremiah’s day are military correspondence written upon 
potsherds. One of the nuisance jobs of a Palestinian archeoiogist is 
the daily dusting of thousands upon thonsaiids of potsherds to see if 
perchance any writing may be preserved upon them^ So seldom does 
one find writing in Palestinian excavation that this is not a waste 
of labor* 

The final utilitarian end of broken pottery was to be ground up and 
mixed with waterproof plaster to be used for lining cisterns* Pot¬ 
sherds, however, were so numerous in antiquity that they constituted 
a good percentage of the debris of all ancient cities. There they speak 
their own language to the professional archeologisi who digs them up 
today* They recount the history of the anciant cities where they lie* 
They date their historic vicissitude, their economic prosperity, their 
cultural changes, the march of invading armies, the religious life of the 
people, the manufacturing skills of the times, the esthetic standards of 
the average man. In fact, they present a cro^ section of the world 
of the Bible. 
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THE MARCH OF MEDICINE * 


By M. ai WENTTLOBE 

Profe^ior Slid Itmd of the Dcpartmmt of Med(cina 
U^ivertilif of Giah 


THE OBIOIN5 OF lEEDlClNB 

The pTCgvo^ of m&didne, as might be expected, has been clt^ly 
tied with the advance of civili^atioiL. The Golden Age of Greece, 
the Roman period^ the Dark Ages, the Renaissance are all reflected in 
the iiistory of medicine for in these same pei'iodg medicine advanced 
or declined as did ciTilization itself. But the opposite was also 
true. Civilization declined m part as tlie result of disease. Malaria 
contributed in a large measure to the decadence of Greece, The 
Greeks who surrendered to the Eoinan legions were very different from 
chose who had fought off the Persian invaders. Malaria, according to 
Jones (!}*, an outstanding student of Greek medicine, changed them 
from brilliant, energetic^ original individuals full of initiative, lugh 
spirit, and patriotism to vacillating^ weak, cowardly, and selfishly 
cruel ones. No doubt other factors played their part as well but 
there is no question that a disease like malaria can sap the vitality of 
a people. In later years, the great plagues and epidemics were 
calamities winch impeded civilization for centuries. The economic 
advancement of many parts of the world today is greatly retarded by 
the prevalence of disease. 

In the medicine of Ancient Greece wo see the dawn of scientific 
medicine. This refers not to the mythical Asclepioa (A^ulapius) 
and die legendary serpent, or to the medicine of the sanctuaries and 
of the priests, but to Uie emergence of the practice of direct observa'^ 
tion. Before tliis period medicine was variously empirical, magical^ 
privily, or religious. There had been no concern with the discoveiy 
of fundamental causes and there was no attempt to arrange in logical 
sequence the cause and effect of observed phenomena. The develop* 
ment of scientific medicine was contemporary with the emergence 
of Greek philosophy. Comparable with Pericles^ Herodotus, 
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Thucydides, Phidias, Sophocles, and Euripides, was Hippocrates. 
He was undoubtedly the most impoitant and most complete medical 
personality of antiquity (S), He was bom about 460 B- C* on the 
small island of Cos. 

Objective obfiervation was the feature of the Hippocratic school. 
It has been stated that the 47 clinical histories contained in the Hip¬ 
pocratic writings are the only ones worthy of the name to be found 
io medical literature for the next 1700 years {Z). Tlie honesty and 
sincerity of Hippoemtes is illustrated by his citing the fact that 60 
percent of his cased ended fataJlyp In Jiia own words, he believed 
it ^‘Taluable to learn of unsuccessful e?£perimenta and to know the 
cause of their failure.” He made no attempt to magnify his own 
importance by hiding his own lack of knowledge or failures. The 
^*Oath of Hippocrates,” now familiar even to some lay persons, 
expressed the high ethical level to which medicine rose in the Golden 
Age of Greece. 

The inspiring period of Hippocrates w'as followed by an astound- 
ingly ]ong period of stagnation and decadence, intern*pted only by 
rare and relatively minor contributions. One of tlie few outstanding 
figures was Galen (A. D. 131-SOl), physician to the Emperor Mnreus 
Aurelius* To Galen are attributed wide end original discoveries in 
anatomy, physiology, and disease in general as well os in the use of 
various drugs* But this was a very different manner of man, who 
was equipped with the highest opinion of his own value and was sure 
of hia own infallibility. He constructei:! an extensive edifice of dogma- 

With pestilences mysticism returned* The viewpoint which made 
disease the punislmient for sin was no stimulus to the Esearch for the 
causes of disease* For centuries none disputed the omeular pronounce¬ 
ments of the past even though illustrious physicians appeared from 
time to time. The Persian philosopher, Avicenna, was the most re¬ 
nowned of tlie Golden Age of Arabian medidno in tho tenth century. 
His famous Canon (Q^anun) followed the ideas of Hippocrate*, Galen, 
and Aristotle and constituted a statement of authoritative seholostie 
dogmatistD. 

MEDICINE AND TEIE RENAISSANCE 

The reawakening of a critical apirit, the rebellion against author¬ 
ity, the prcmulgatiDn of the system of Copernicus, tlie discovery 
of America, and events of similar magnitude during the Renaissance 
were accompanied in the field of metlicine by a violent revoliition 
against the authority of the ancients. The beginning of the modern 
experimental period may be said to date from Paracelsus, a strange 
combination of sorcerer, philosopher, alchemist, and physician of tliis 
lime* The keynote of the teaching of Paracel^s wiis that men 
should search into the workings of nature for themselves* He startled 
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the world by publicly committing the Canon of Avicenna to the Samta 
of a students' bonfire. 

Tliia period wb 3 marked by the work of Vesalius who laid the 
foundationa of modem anatomy, William Harvey who discovered 
the manner of circulation of the blood, and Thomas Sydenham who 
demonstratod the value of accurate description of the aigna and 
symptoms of disease in the place of vague theories, Tlie'ltalian, 
Morgagni, laid the foundations of morbid anatomy by examining great 
numbers of bodies after death. He carefully and systematically re¬ 
corded everything which he found abnormal and tried to correlate tills 
with the signs and symptoms in the individuals before tliey died. The 
best typo of medical practice requires this even today, for our knowl¬ 
edge is still very incomplete. 

The new approach in medicine gradually proved its value. Follow¬ 
ing the example of his teacher, John Hunter, Edward Jenner had the 
courage to teat the Gloucestershire tradition that milkmaids who had 
contracted cowpox from milking did not get smallpox. Countlesa lives 
have been saved and much disfigurement and blindness prevented by 
the method of vaccination which developed from Jenner’s simple exper- 
rnient. The discoveiy by James Lind of the importance of fruit juices 
m the prevention of scurvy was significant not only medicaUy but also 
politically and economically, for the might of the British Navy de¬ 
pended on the health of the British ‘^Hitieys,’^ as their sailors came to be 
called, 

EIGHTEESTH^IENTUHY fiOSl'lTAI-a AND 3ANITAHT COKDITIONS 

But progress was extremely slow. In the eighteenth century, 
hospitals were for the care rather than the cure of their inmates. So 
prevalent were eysipdas, pyemia, septicemia, and gangrene in these 
jnstitutions that they came to be known as the “hospital diseases.^’ 
Such pestilences would come upon the patients and kill them like fiiea. 

the Hotel Dieu in Paris, six unhappy patients, in various states of 
physical and mental disorder might bo heaped all in one bed. No one 
^ho had a home would go to a hospital; nor did they need to, for after 
all such hospitals offered no facilities except for the spread of disease. 

Sanitary conditions were equally horrible. In the towns of eigbt- 
centh-contuiy England the streets were made as narrow as was feasible 
and were often barely passable from mud or tolerable from stench. 
In places where house drainage was connected np with sewers these 
generally ran directly into the local river, canal, or stream with the 
^tnral result that such water became a stinking open drain.” (4) 
Water was inadequate in supply. While famine and leprosy and plague 
'Were no longer as important factors as they had been, intermittent and 
remitt^t fevers, dysentery, malaria, typhus, scurvy, cholera, yellow 
fever, mflnenza, measles, diphtheria, and scarlet fever were rampant. 
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THE MlCROSCOPi; THE ANTMAL CELU AND THE OETtM TIIEORT 

Thus, altbough medicine guined an impetus in the Eenaissance, 
progress was slow. The new advances had to await the discoverica in 
other fields of science—physics, botany, and chemistry. The great 
physicians had developed their powers of observation to a high degree, 
but this did not sulBce. It was necessary to amplify the powers of the 
sense organs, and particularly those of sight. 

The invention of iht misroscope'hos been attributed to Roger Bacon, 
who lived in the thirteenth century, but Galileo, in the seventeenth ccD’ 
tuiy was perhaps the first scientific user of thig instrument. To the 
spectacle makers, however, we owe the development of the microscope, 
and particularly to Antoni van Leeuwenhoek, a man who had never 
attended a nniveraity and was entirely self-taught. He oonstrnctcd a 
number of microscopes and Btudied all types of matter, even including 
the red blood corpuscles whose diameter he measured, 

A decisive factor in medical progress was the discovery of the animal 
cell and the establishment of the fact timt the living body is a vast 
organization consisting of innumerable Individual cells so small that 
they can be seen only witli the aid of a microscope. Schwann, and 
later Budolph Virchow, applied the discoveries of the botanists, who 
had demonstrated the ccliulnr con^itation of the vegetable kingdom, 
to the inti male study of disease. This was the foundation of the 
science of pathology. 

There is no doubt that one of the most important contributions of the 
nineteenth century to medicine was the demonstration of the fact that 
invisible organisms, so small that they can only be seen with the aid of 
a microscope, may cause disease. Such organisms had been observed 
in the seventeenth century but two centuries had passed before their 
significance was appreciated. In the nineteenthcentaiy, thanks to the 
work of Pasteur, Koch, and others, a revolution in the structure of 
medical thought occurred. It was finally recognized that infinitely 
small organisms, endowed with special pathogenic qualities, may play 
a preeminent role In producing disease. 

At the same time that Virchow was laying the foundations of 
pathology in Germany, Pasteur developed the ^erm theory in France. 
Pasteur was a chemist and in that field his earlier studies led him to 
the discovery that putrefaction is a kind of fermentation and that both 
these processes are due to micro-organisms. He showed that the dis¬ 
ease of wine which plagued the wine industry in France was due to 
the action of microbes and that by heating the wine for a short time to 
a temperature between BO® and 60“ C., the fermenting agent could be 
destroyed while the wine would remain unaltered and would keep 
indefinitely. This process ia now well known under the name “paa- 
teurization.** 
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A name equal in importance to that of Pasteur in founding the 
science of bacteriology is that of Robert Koch. This man was a dis^ 
trict physician in a small Prussian town. His thoughtful wife gare 
him a microscope on his twenty-eighth birthday. We owe her a very 
great debt, for Koch went to work studying aiithrai, a disease common 
among the sheep and cattle of his agricultural district, and thus initi¬ 
ated a series of inyestigations which revealed the causes of a great 
number of diseases, including tuberculosis. Before the close of the 
nineteenth centtiiy there bad been discovered the causative agents of 
gonorehea, suppuration, typhoid fever, malaria, cholera, diphtheria, 
certain types of pneumonia, cerebrospinal meningitis, Malta fever, 
tetanus or lockjaw, plague, botulism, and dysentery. 

The story of the attack on germs, once they were recognized, is an 
exciting and fascinating one. Investigators became interested in the 
metliod of spread of organisms. There were many proponents of the 
idea that the air is bad and that in this way organisms causing disea^ 
n re tran^itted. It h as been aptIystated(4)tbatitwa5easytobIam6 
the air since no one owned a vested mterest in it. It was more danger- 
o^ to find fault with tl)e water supply, for this had its sturdy cham¬ 
pions in the directors of the various water companies. Yet in mEiixy 
places the water supplies were nothing more dor less than diluted 
sewage. 

It is well known now that tuberculosis, diphtheria, undulant fever, 
typhoid, and a number of other diseases can be transmitted by in¬ 
fected water, milk, or other foods. Yet it has not been ea^ to convince 
people of this fact and many communities still tolerate laxity in sani- 
tary legislation. Special interests concerned only with financial gain 
and ofTicials unaware of the importance of sanitation are permitted 
to take risfe with human life. 

The newer knowledge of the bacterial causation of certain diseases 
naturally led many to wonder why only certain IndividuaL? were 
attacked by such bacteria and why even when attacked some did not 
succumb. It had been recognized for centuries that individuals at¬ 
tacked by certain diseases were not likely to to be attacked again. 
Study of the mechanism whereby the body is able to withstand the 
action of bacteria led to the development of the science of immunology. 
Once some knowledge was gained of the protective mechanisms which 
we possess, scientists were challenged by the problem of developing 
and improving this protective faculty. Thus have come antitoxins, 
serums, and vaccines, nnd the saving of countless Uvea, 

THE DBVCi:.OPaiEJJT OF SUKGERr 

In Roman times each soldier kept with him a kit of bandages for 

on himself or for a wounded or bleeding comrade. Such measures 
Served well enough for minor injuries. Those who were so badly 
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if'ouuded that they were unable to move olong with the advanemg 
troops were put to the sword. The able-bodied but wounded soldier 
who fell into the hands of the enemy could only espect to be insulted 
or mutilated, if not killed. During the Middle Ages some men of 
doubtful qualiBeat ions made it their trade to treat soldiers for a meager 
stipend just as merceuary soldiers took up warfare as a business. 
Field hospitals were introduced by Isabella of Spain around 14£'T, and 
they were later reintroduced by her grandson at the ^ege of Metz in 
the si,xtcenth century. There Ambroise Pard was a central surgioAl 
dgure. He was responsible for Abolishing the custom of applying 
cautery or boiling oil to wounds. In the seventeenth century the 
regimental surgeons were still referred to as staff barbers and that is 
alwut what the great majority of them were. 

The development of surgery was hampered by the lack of means 
for controlling pain and it was plagued by the high mortality which 
attended it. Such surgical deatlis were due to hemorrhage, traumatic 
shock, and infection. Lifecdon was a concept wholly unfamiliar be- 
fora the nineteenth century. A favorite method of procedure of 
eighteentli-century surgeons, as well as of those who preceded tliem, 
was to probe wounds. The proheij were not sterilized and often were 
not even washed. The surgeons themselves wore their oldest frock 
coats in the ojierating room. To these coats, often heavily encrusted 
with dried blood and pus, some surgeons even attacbed an aura of 
superiority. 

Surgery in the eighteenth century consisted of the setting of broken 
bones, the probing and suturing of wounds, tlie amputation of crushed 
or gangrenous limbs, and the opening of abscesses. Xo one dared to 
attempt abdominal surgery. Operations for gall-bladder disease, 
thyroid disease, and cancer, which make up so large a part of n sur¬ 
geon’s work today, were unknown. Appendicitis had not been 
recognized. 

It waa at the turn of the eighteenth century that one of the many 
dramatic events in the history of surgery took place. In Danville, 
Ky., on Christmas Day, 1809, Eplimim McDowell performed in his 
own home an operation such as had never been done before. This was 
the removal of a large abdominal (ovarian) tumor, without the benefit 
of anestlicsia, and without the aid of adequate methods for stopping 
hemorrhage or for preventing infection. Since her life depended on 
it, his stalwart patient agreed to undergo the ordeal. McDowell’s fel¬ 
low citizens also knew that the operation was esi>erimental, and it Is 
told that a crowd gathered outside of his house ivith the intention of 
hanging him if his patient should die. Fortimately for McDowell, 
and for the progress of surgery, the operation took no more than 25 
minutes and the patient recovered completely. 
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This amazing performance found few imitators^ for it required 
eitrsordiaary courage on the part of both the patient and the surgeon. 
We may be proud that the problem of relieving pain was solved by 
two Americans who quite independently of each other in the early 
1S40-s discovered the anestlietio powers of ether. One was Dr. Cmw- 
ford W. Long^ a general practitioner in a little town in Georgia. He 
first operated with ether anesthesia m 1E42, He did not publicize his 
discovery I and the credit, for making the use of ether known to tlie 
world is given to the Boston dentist^ William G. Morton, and to the 
staff of the Massachusetts General Hospital, where the regular use of 
ether began in 1340. 

To Joseph Lister must be given the credit for initiating the conquest 
of surgical infection. In 1872, at the Believe Hospital in New York, 
from 40 to 60 percent of all amputatioDs of limbs proved fatal. The 
same was true at the University of Glasgow when Lister took the post 
of professor of surgery there. Lister was impressed by Pasteur'e 
demonstration tliat organisirts that produce fermentation and putre¬ 
faction are carried on particles of dust in the air. Ho decided to try 
to prevent infection by using on wounds a dressing containing a mate¬ 
ria I capable of destroy ing micro-organ ismsL Using crude carbolic acid, 
he developed the first SLOtiseptic dressing in March 1&G5. Two years 
later he was able to report a total of 11 cases of compound fracture 
treated by the antiseptic method, with 0 recoveries^ 1 amputation, and 
1 death* Pyemia, hospital gangrene, and erysipelas disappeared. 
These w'ere unprecedented results, as dramatic in their day as any we 
are seeing today. 

An equally important contribution was ListePs discovery of a 
method of preparing a relatively sterile, absorbable catgut with which 
wounds can be Kwed* This procedure made it possible for wounds to 
heal in clean and stmight forward way to \vhich we are accustomed 
today. Until this time pus formation was so common that it wjls 
regarded as part of the healing process and was spoken of as ^laudable 
pus.” 

We can now appreciate how great were Lister^s contributions to 
humanity. In his time, however, he met much opposition. His un^ 
tiring investigations on ligaiures were carried out in animals and the 
Anti-Viviscctioniste in England made ri^pented attempts to prevent 
him from continuing his eiperimenta* Furthermore, his own associ¬ 
ates were too stubborn to appreciate the value of his discoveries, and 
as late as 1680 in all the Britisli Isles there were only one or two clinica 
where his methods were used. Fortunately, in Geruifiny and subse¬ 
quently in this country, a number of surgeons began to apply his 
method and to find Ihem of the greatest importance. The German 
Burgeons not only adopted Listeria methods but they developed the 
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essentials of the modem aseptic technique which is act nail j quite dif¬ 
ferent from Lister's antiseptic method- Tlvey showed that the dan¬ 
gerous or so-called pathogenic bacteria wer'e conveyed to woiuids by 
the hands of surgeons and nui-ses or by instruinents and dressings- 
Boiling was discolored to be an effective means of sterilization. It is 
signiEcantj howeverj that as late as 188S, 18 years after Listers dis- 
eovery, as Haagensen and Lloyd (4) record, “In the discussion of 
a paper on Li sterns doctrine before the American Surgical Associa¬ 
tion, leading surgeons fium many parts of the United States almost 
without exception condemned his methods, saying that they had 
tried tliein and had no success with them, 'iTic truth, of course, was 
tliat they had not tried them out with the requisite attention to detail, 
and so they failed/* 

At the Johns Hopkins Hoapital there are two buildings of interest 
at this point in our story* One is the Halsted Clinic, which is the 
surgical building, and the other is Hampton Mouse, the nurses* home. 
At Johns Hopkins the first Professor of Surgery was William Stewart 
Halsted and at that time the nurse in charge of tlie ojwrQtiug room 
was Caioline Hampton. She compliitined that the solution of mer¬ 
curic chloride used for rinsing the hands before scrubbing, caused 
dermatitis. Dr. Halsted had the Goodyear Bubber Co. design a pair 
of rubber gloves for her. Their advantage from the viewpoint of 
protecting the patient from infection introduced by tlie operator 
became obvious and they have been used over since. It is significant, 
Iio^vever, that Dr. Halsted and Miss Hampton were married shortly 
after this glove episode. It has been suggested that, “This discovery, 
certainly one of the most important means of avoiding wound inftC' 
lion, was perhaps not entirely the result of scientific zcaF (4)* 

Halsted proved to be a quiet but effective forc^ in tills country in 
transforming surgery front a series of dramatic Eind somewhat danger¬ 
ous incidents into a less conspicuous, painstakings and more successful 
method of treatment. He developed means for the control of hem¬ 
orrhage during operation which gave to the surgeon, in Halsted’s 
words, *^the calm which is csseiitial for dear thinking and orderly 
procedure at the operating table/* He, as well aa Crile of Cleveland, 
1 aught the impKirlance of gentle handling of the tissues. He devised 
operative teclmique^ which are still followed today. 

It would be impossible to discuss all the advances which have been 
made in surgery since the latter part of the nineteenth century. The 
recognition of appendicitis as ii disease entity and it^ surgical treat- 
nicnt have saved thousands and thousands of lives. The advances 
in operative surgery of the gastrointestinal tract, in operations on the 
femate genital tracts in thyroid surgery, in orthopedics, in neiiro- 
eurgery, and, only very^ recently, in chest surgery have been truly 
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phenomenal and have saved countless lives and prevented untold 
suffering. In spite of a very great inerease in the amount of surgery 
performoflj end in the extensiveness of operations in which surgeons 
now engiigCj the over-all operative mortality in one of the better 
hospitals ill this country dropped from 16.5 percent in 1889 to 3d 
percent in 1939 (4). Tiiese advances, as well as other discoveries 
which will be mentioned later, have profoundly influenced the pros- 
pects of the battle casualties of the present day. 

THE EvmtrriON op diagnostic meihods and of our under 

ST^LimiNG OP DISEASE PROCESSES 

Less dramalie bat equally important liave been the advances in 
methods for recognizing disease and in tlie understanding of the 
disturbances which various diseases prtduce- The early physician 
had to rely solely on his senses of sight, touchy hearing, and smell. 
Although his powers of observation were developed to u high degreej 
and necessarily eOj the interpretation of liis findings was often erron¬ 
eous because hie knowledge was so limited. Examination of the pulse 
was practiced even by the early Egyptians^ Temperature was esti¬ 
mated with the hand applied to the chest. Santorio, an Italian of the 
sixteenth century^ was perhaps the first to use a thertnorueter, but 
until the niuetoenth century the apparatus available was cumlieumme 
and was used by very few. Tlie thermometer is one of tlia fir^t in¬ 
struments of precision to nid medical practicOj but it did not bccoiue 
a neceosary part of the physician^s armamentarium until the time 
of Wunderlich in the latter half of the nineteenth century* The 
modern simple instrument was only devised in the pi-esent century. 

Examination of the urine was also practiced in the early days of 
medicine. The Arabian physician^ Avicenna, wrote lengthily on the 
subject. Uroscopy or water-casting, as it was called^ became such a 
regular pi'actice l]mt the nrhial became the emblem of the plij-sician 
in the liliddlo Agt^ and was a favorite theme of the painter and wood 
engraver. Sometimes ihe urine was carried to the physician by a 
messenger and tlic diagnosis made ®^by mail order.’’ Although this 
method had no true diagnostic value, it was pushed to fantastic ex¬ 
tremes and led to the most far-reaching conclusions. It was not until 
the late nineteenth century that the chemical procedures for the ex¬ 
amination of the urine and of the blood, which we now use, were 
developed. 

Tapping of the chegt, whidi is so foDnlinr today and which bus 
proved to be a very valuable aid in physical diagnosis, waa received 
with ridicule and sarcasm in 1761 when Leopold Auenbnigger pro¬ 
posed the procedure. It is interesting that he was kd to tlik discovery 
when he observed that tlie level of fluids in his native wine casks could 
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bo ascertained by thumping. Auscultation^ that is, listening to the 
chest, was practiced by Hippocrates and wa^ aided by shaking the 
chest. This was done by placing the ear to the chest until Laennec 
(IBIT) invented the fijst stethoscope. He gained his idea for the use 
of a hollow tube by observing children listening to the sound of taps 
on hollow logs* 

The X-ray was discovered in 18D5 and, like so many other discover¬ 
ies, had its beginning in an accident* It was by mere chance that 
Eoentgen was working in the dark with a tube of glass containing 
vflj^ious gasses at low pressures (the Crookes’ tube) and happened to 
notice that a small piece of paper covered with a coating of barium 
plantinocyanide shone brightly* Fortunately he had the foresight to 
suspect that this might be of importance and the persistence to investi¬ 
gate the possibilities until he obtained convincing evidence of the value 
of these strange rays. Tliis discovery was one of the most dramatic 
events in the history of science. Aa an eiample of how the imagina¬ 
tion of the world was stimulated by it, the bill may be cited which 
Assemblyman Reed, of New Jerseys introduced in the State legislature 
in ISOd to prohibit the use of X*ray opera glasses in theaters* 

In the nineteenth century knowledge of disease was sought mainly 
through studies of morbid anatomy; tliat is, by observing the effects 
which disease produced on the tissues. Gradually interest developed 
in the study of the ways In which the functions of the body are di^- 
turbed in disease—pathologic physiology and biochemistry. This 
approach bore fruit because w ith better understanding of disease pro¬ 
cesses methods were developed whereby disease may be recognized 
much earlier than It once could be, Furthermorej such knowledge has 
led to the discovery of metliods of treatment which are directed at the 
primary cause or at least correct the abnormality which has been 
produced. 

Advances have been made in so many fields that it would be im¬ 
possible to discuss them all here, llany problems relating to man have 
been approached through espeiiments in animals, and it is safe to 
say that they would probably never have been solved otherwise. An 
example is found in the story of the conquest of diabetes. 

In 1920, Frederick Banting, a physician in London, Ontario, while 
preparing a lecture at the Western Ontario Medical School on the 
relation of the pancreas to diabetes, ran acrose the report of a rare 
case of stone in the pancreatic duct The author of that report pointed 
out that blockage of tlie pancreatic duct by the stone had caused atrophy 
of all the pancreatic cells escept certain smiall groups known os the 
“islets of Langerhans*’’ These were the cells which were known to be 
damaged in persons ^^.uffeting from diabetes^ In the case cited, dia¬ 
betes had not developecL 
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It bJid been known for more than SO jeafs thnt tho pancreas was 
related to diabetes and a ntmibcr of investigators had attempted witli- 
out succe^ to isolate the secretion of tlie cells contained in the islands 
of Lan^rlians. Banting was struck by the tliought that by tying the 
pancreatic duct of animals it might be po^ible to obtain the secro- 
tion of the islet cells and that an extract of the cells might actually 
relieve the high blood sugar found in diabetes. He was so obsessed 
with the idea tlial ho got up at 2 in the morning and wrote Uiree sen¬ 
tences in his notebook. *^Ligiite pancreatic duct of dogs. Wait G to 
8 weeks for degeneration. Remove the residue and estract.” 

It is significant tliat when he went to Toronto to talk to tlie 
professor of physiology there. Dr- J, J. R. MacLeodi he got little 
encouragement. Some years later this same MacLeod* together with 
Banting, received the Kobel Prize for Banting^s great discovery. For¬ 
tunate ly^ Bantings determination won out and with the aid of a medi¬ 
cal student, Charles H- Best, he snccceded in making an extract of the 
islets as ho proposed* Banting and Best operated on the first dog 
on May 16, 1921. By January 1&23 insulin was being successfully 
used in the treatment of human diabetes in a number of cBnics in 
Canada find the United States, 

The discovery of Iho treatment of diabetes is clo®ly linked with 
that for pernicious anemia, for George B. Minot, who is mainly 
responsible for the latter, himself was suffering from diabetes and 
might not have lived to make his important studies in pernicious 
anemia. This disease was so called because until 1926 it inevitably 
Jed to death. The story of Minot's success is one of painstaking 
study, patient observation, and persistent effort in the face of personal 
ill health as well as frank skepticism and even open criticism from 
hU colleagues. It was naturally not easy to accept the idea that a pale, 
exhausted-looking patient must consume a Imlf pound of liver daily 
and could e^tpect to get better thereby. It was indeed a great surprise 
to discover that after only a few days of liver therapy such a patient 
craved food, color appeared in his face, and his outlook had changed. 
Tho development of an extract of liver which is so potent that one in¬ 
jection per month or less often is sufficient to maintain such a patient 
in normal condition is the natural outcome of the researches which 
Minot^s perseverance initiated* 

The story of the vitamins is another impressive chapter in the 
history of medical science. Deficiency diseases have been known for 
a long time. Scurvy hampered the crusaders and ravaged the sailora 
of Vasco da Gama and of Cartier. It came to 1^ known as *^Lhe plague 
of the sea and the spoyle of the mariners,” Tlie Spaniards and the 
Italians knew pellagra and recognized that it was associated with the 
eating of nnsuitablB food. GHsson described rickets, which term is 
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derired frora the old English Terb meaning ^^twisted,^^ in 1650. Beri¬ 
beri ravaged the Japanese XaTj at the turn of the last century and 
plagued the Philippines for many years. 

That there aiid substances necessary to life altliough required only 
in relatively piinute amounts is, however, a relatiTely new concept. 
Tlie term “vitamin” was introduced in 1011. For many years these 
aubsiances were so mj^erious tliat the letters of the alphabet were used 
to name them and they were known only by the effects of their absence. 
Tlieir total number in those earlier days was not even suspected. To¬ 
day, when we know the chemical formulas of more than 14 of these 
remarkable substances, it is recognisiei] that still others I'emain unre¬ 
vealed* The demonstration of their widespread physiological action 
and of the effects of their administration in conditions of deficiency 
has been one of the most important achievements in the present era. 

Til is newer knowledge has been worked out for the most part In 
animal esperiineiits. The first experimentally produced deficiency 
disorder came about largely by accident. In the Dutch Ka^t Indies^ 
Eijkman was engaged in certain esperiments widi dhickena when his 
st^Hrk diet of chicken feed ran out. He was forced, as a consequence, 
to give them the table Bcraps from the adjoining hospitab Since the 
diet of the natives consisted almost exclusively of polished rice, this 
is what the chickens received. Great was the stiqjrise when the 
chickens developed a disorder resembling the beriberi which was so 
prevalent in the East Indian Islands. Ei|kjnaii fioon found that the 
skin of the rice kernel or even the rice bran relieved the condition in 
the chickens* Thus was the first of the “B” vitamins discoveiied. 

The rut became the favorite animal for csijcriments in nutrition* 
The chick, tlie dog, the guinea pig, and more recently the rabbit, the 
pig, ihe mouse, and the hamster, and even baeferia have played their 
role in advancing the seienoo of nutrition. have learned how 

vitamin A is important for vision and how night-blindness develops 
in its absence; how- important thiamin is for tlie heart, and we have 
seen the extreme shortness of breath tl^at develops in the pig in its 
absence; how riboflaviii is concerned with growth and with the eyes, 
for in its absence cataract may develop: how sick dogs became in 
the absence of iiiacin. We have seen pigs lacking vitamin Ba suffer 
from severe convulsions, become esctremely anemic, and develop a 
peculiar gait* It has been aliowr that the hair of the black rat turns 
gray in the absence of pantofhenic acid and that the pig becomes 
bald, ceases growing, and becomes nnable to walk. We have learned 
how in a guinea pig lack of vitaniin C leads to seiiona hemorrhages 
in the tissues, and death; how the rat in the absence of vitamin E 
becomes sterile and the rabbit develops certain peculiar changes in the 
muscles; and how the chick lacking vitamin K is the victim of a severe 
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hemorrhagic state. The cliemical structure of ttiany of theso sub- 
stanees has been discovered. Great strides have been iiitide lu under¬ 
standing their mode of action. This has meant learn ipg in detail 
about the imer chemical processes on which life and growth depend. 

It lias been demonstrated, too^ that various species of animals 
differ in their needs for the different vitamins and that the manifes¬ 
tations of dedciency are not always the same in all animals. As far 
aa man is concerned we liave already learned about the dramatic effect 
of niacin in pellagra and the iniportance: of vitamin K in certain typea 
of hemorrhage, w^hik man's uc^ for vitamin C and vitamin D are 
by now old established facta. But there is a great deal with reference 
to man which is still unknown^ n fact wliich those aceking financial 
gain by die sale of vitamins choose to ignore. Much has been claimed 
for which there is no adequate scientific basis. In no field has the 
public been given so distorted a picture as in that of the vitamins. 

THE PEESENT-D4V '^'ONDBlt DRUGS" 

Wlien the present era of medicine will be historyit will probably 
be called the '^Therapeutic Period.’^ As one scans the development 
of medical knowledge since the Eenaissancej three earlier periods 
can be made out. The first is the Anatomical, wdien students of medi¬ 
cine sought to learn about the structure of the human body. As this 
knowledge was gained, curiosity was iirousoKl as to the manner in which 
these organa f miction —the Physiological Period, Tlie stutly of the 
stmctuTul abnormalities produced by disoaso was closely correlated 
with a search for the causes of disease and the study of the mecha¬ 
nisms wheieby disease is produced. This may bo designated as the 
Etiological Period. Obviously these periods are not sliarply sepa¬ 
rated from one another nor can the study of structure, function, causes, 
and mechanisms be regarded us now completed. Tliese divisions fol¬ 
low- one onuther naturally, however, luij the knowledge so gained is 
a necessary prerequisite to the deveiopment of intelligent and effective 
methods of treatment. 

The fantastic methods of treatment which were practiced in the 
earlier days of medicine, like the criminal liokua pokus of the char¬ 
latans and quacks of today, were founded in ignorance and flourished 
thereby. The advances in our knovvledge in the last To years have 
l)cea so great that it has been possible to devise for certain diseases 
specific methods of treatment, and to apply such methods with under¬ 
standing. The advances in surgery have been described already; the 
development of antitoxins, s^ruaip, and vaccines has been mentioned, 
and the discovery of such substances as insulin, liver extract, and the 
vitainitiB has been discussed. The most dramatic advances of all have 
been made in the field of chemotherapy, by which is meruit the treat¬ 
ment of disease by specific drugs. 
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Some ago at the University of C.^lifomia there was a cele¬ 
bration commemorating 6ie three hundredth anniversaiy of the intro¬ 
duction of quinine, in the form of Peruvian or Jesuit^s bark, into 
medicine. On that occasion the late Dr. William H, Welch said tlmt 
the introduction of this drug into inedicitie was as important as tlie 
whole concept of infectious disease because prior to its discovery aU 
forms of treatment were directed eitlier to purging, to sweating, or 
to causing increased urinadon in the patients in the hops of expelling 
evil humors:. 

ilotleru chemotherapy had its beginnings in the work of Paul 
Elirlkh, at the turn of the present century. This diligent investigator 
devised the technique of synthesizing many new drugs of slightly 
varying chemical formulas and testing each exiierimentally. He 
began by studying the effects of drugs in destroying a unicellular 
organism, a trypanosome which had just been discovered to be the 
cause of a disease of horses and which could be transmitted for experi¬ 
mental study in mice. Wlien, not long after, the cause of syphilis was 
revealed, he was prepared to attack the spirochete in the same way. 
The story of Ehrlich’s epoch-making contribution is one of incredible 
tenacity. It was hb six hundred and six^h arsenical compoimdi sol- 
varsan, which had the desired effecL 

Ehrlich's object was to sterilise tlio body of the parasites without 
injuring the body tissues. He sought to do this by giving the exjwri- 
meiital animal or the patient a substance which could be taken inter¬ 
nally, and thus his purpose differed from that of Lister who proposed 
to destroy bacteria which might have reached an external wound, or 
that of the “aseptic*’ school which tried to prevent access of bacteria 
to a wound. Ehrlich’s task proved to be a diSicuIt one, for neither 
‘‘606’’ nor bis later compound “ 14’’accomplished such internal steriliza¬ 
tion without sometimes causing grave injury to the patient. Never¬ 
theless these agents have proved to be extremely effective for the treat¬ 
ment of syphilis and the risks involved have been far surpa^d by 
the results aecompllshed. 

It was not until more than two decades later that another compound 
was found equal in importance to the organic arsenical^ produced by 
Ehrlich. It is sJgniSeant that the methe^ used for the discovery of 
the new drug were essentially the same those devised by him. As 
long ago as 1015 two American workers (4) studied the bactericidal 
properties of a large series of azo dyc5 including several sulfonamide 
compounds. They limited their observations to the action of the dyes 
upon bacteria in the tost tube and they did not study the effect of these 
dye^ in animals. It remained, therefore, for Dr. Gerhard Domagk, 
ftt the I. G. FarbenIndustrie in Germany, to discover an effective 
chemotherapeutic agent against hemolytic Btreptcicoccua infection in 
mice. 
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Unlike tlie other great discoTeriea which we have described, the 
finding of a chemotherapeutic agent effective against streptoooccuH 
infect]ona was made by the employee of an industrial firm interested 
in financial gain and in a Germany very different from that which 
nourished Virchow, Koch, and Ehrlich. The therapeutic agent which 
Domsigk discovered was patented under the name of “prontoair* in 
1932 but no notice of this patent was published until B jean later. 
A few German clinicians were given the compound for testing in 
patients but they were not informed as to its nature. Their clinical 
reports did not appear until 1935. ‘^The I* G. Farbenindustrie bad 
apparently withheld knowledge of the therapeutic value of prontosil 
eo that its chemists could have time to prepare and test a large number 
of chemicallj related compounds.^’ (i) 

The keenness of French chemists ruined the German efiTort to 
control the important discovery. The French workers concluded that 
the effective agent in tJie mysterious “prontoeiP must be p-aminoben- 
lene sulfonamide, or sulfanilamide for shorti This proved to be the 
case. Since sulfamlamide was a compound known to diemists even 
in 1908, it could not be patented. The complete information was then 
given to the scientific world. 

In England, Colebrook confirmed Domagk^s animal experiments 
and was able to produce convincing evidencei that the new chemo- 
tlierapeutic agent was effective in man, something the Germans had 
failed to do* He showed that by the use of prontosil or with sulfa¬ 
nilamide the mortality from puerperal sepsis or childbed fever, the 
gi'eat hazard of childbearing, could bo reduced from between Ifi.fl 
and 31.6 percent to 4-7 percents 

The story that follows is one of discovery of new compounds, modi- 
ficatious of the original ones, Sulfopyridine, sulfathia^ole, sulfa¬ 
diazine, and sulfamerazine now are names familiar to everyone. 
Administered to human beings ill with lobar pneumonia, sulfa pyri¬ 
dine reduced the mortnlity of the disensc fmm about 25 percent to 
5 percent All the tediously produced and costly pnemnonia antisera 
were superseded over night In certain other infectious disorders 
equally dramatic effects were observed. The results following the 
U3e of the sulfonamides have been truly revolutionary- These agents 
have proved useful not only in treatment but also have been found 
valuable in preventing the spread of certain typea of infectioT^ such, 
for example, as cerebrospinal meningitis, which might otherwise 
ha ve develops into epidemics. 

MefUcal tieirs Iasi; week vied with news of the dars before iHTflSioa. Under the 
sBUeet qf eternltj, the medknl news mlfht even toe mm Important than tha 
mUltarr. WI"ll aiimmnced ttont ctoe wonder druit peDklUia* for three jears 
prmetleaJly a monopoly of Itoe Army and Navy, wai now being macnfactiired Ln 
Buch QuantJtj ttoat it can be Issaed to clTlUana Mar IWl, 61-) 
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Medical is still in the news and a chemotherapeutic agent 

even more wonderful than the sulfonamides has become available^ 
People may look, but few see. No doubt many others before Alex¬ 
ander Rcming Imd looked at baoterial cultures accident ally con¬ 
taminated B'ith mold. But it rcn^iaincd for him to notice that the 
mold had cleared a wide, bacteria-free area between itself and tbe 
staphylococci on the plate. It was he wlio saw the potentialities of 
this observation* He soon found that a liquid in which this mold 
was grown, even when diluted fltW times, prevented the growth of 
Efaphylococci, Thus it was 2 or 3 times as strong in this respect as 
pure carbolic acid, 

These events occurred in 1928» Hkven years passed before further 
progress took place. ^VhiJe penicillin was evidently a potent antibiotic, 
the problem of manufacturing it in adequate quantities Ecomed iosu- 
perable. Furthermore^ the sul fonamidoa had been discovered in the 
meaJitime and seemed at first to make the need for the development of 
penicillin less important. At last, in 1&38, Florey, Chain^ and their 
a^ociates in England approached the problem again, seeking evidence 
of tlie value of peniciirm in espcriineutal infections in mice and meth¬ 
ods for its manufacture in quantity* Tliey succeeded in making a 
highly concentrated preparation of penicillin which was effective es- 
perimentally and could be used in humans. But its production was 
dilficiitt and cumbersome. 

By this time, in order to coordinate scientific effort, in the present 
war, there had been organised in this country under the Office of 
Scientific RcseaTch and Development (OSRD) and in collaboration 
with the National Research Council, means whereby the scientific 
facilities of the country and scientists in various fields could be mar- 
shallcd^ Dr* Florey came to the United States and, w'lth the aid of 
a special committee of the Ntitioimt Research Council, a major attack 
on tbe problem of penicillin production was made. In this w'ork 
the United States Deportment of Agriculture as well as a niunbor of 
tJie large pharmaceutical houi^cs played on important role* Without 
doubt the needa of war and the scientific collaboration which the war 
has brought about are responsible in large measure for the speed with 
which penicillin has been developed* 

This new chemotherapeiitic agent possesses many advantages as 
compared with the sulfonamides. These include its extraordinai7 
speed of action, its effectiveness against organisms which theoulfonam- 
ides do not influence or which have become resistant to their action^ 
and its lack of harmful effects. ITie speed with which penicillin acts, 
measured in liouts rather than in days or weeks, is more dramatic in 
certain types of infection than oven tlie most sanguine might have 
hoped for* A most unexpected finding is the value of penicillin in the 
treatinent of early Eyphilia, a disease which is not influenced by the 
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sulfonamides. There is good re^n to hope that certain other infec¬ 
tions, hitheito unafTected by any nmsures, may be cured by penicUlin. 
The lack of toxicity of penicillin is all the more appreciated because 
we have learned that the sulfonamidea sometimes produce harmful 
effects which may even prove fatal. 

fillDlCAL SCIENCE AND THE W.AH 

During our oivn Civil War four times as many men died from disease 
as from the wounds of battle. During World War I the mortali ty from 
battle casualties for the first time exceeded the deaths from communi¬ 
cable diseases. This was brought about by a combination of factors 
such as camp sanitation, prophylactic vaccination, personal hygiene, 
the isolation of disease carriers^ contacts and suspects, and the practice 
of vigorous dclousiiig. JWodern warfare, thanks to the advances which 
have been descrit^ed and to others which must still be mentioned, should 
have a much better record in spite of the fact that it is far more wide¬ 
spread than ever before and in spite of the new lethal agents that have 
been devised. 

At Pear] Harbor not a single patient with a gunshot wound of the 
abdomen who reached the operating table alive and in whom the vis¬ 
ceral wounds could be repaired, subsequenliy diecL This can be attrib¬ 
uted largely to tile sulfonamide that was used. There never has been 
such a record in military surgery before. Penicillirij no doubt, will 
make the record even better. 

The management of shock is just m important in the handling of 
the wounded as the control of infection^ Shock is the state of general 
colla[}se that follows any severe injury or wound. It is often fatiil 
and to avoid death immediate treatment is necessary^ This war has 
brought the development of dried blood plasma, still the most valuable 
agent, other than whole bloody for the treatment of shock Such 
plasma can be transported easily and after addition of water can be 
given the wounded even on the battlefield. Tliis procedure, as well 
as the present highly developed system of field and hospital care and 
the use of transportation for tJie wounded, represent steps of enormous 
value. 

The chief medical problem of the war probably is malaria. This is 
because our troops must operate in the regiona where the bulk of the 
3,.'500,000 deaths from malaria recorded annually occur. Never before 
have xmllions of men engaged in tropical warfare and thus this great 
disease predator has an unsurpassed opportunity to expert its influence^ 
The capture of Java deprived us of the chief source of quinine but 
fortunately atabrine, a drug synth^i^ed by tlie Germans following 
the Fi rst World War, i s equally good if not better than quminCp Thou¬ 
sands of men hare been given small doses of atabrine regularly for 
many months to hold in cJieck malarial infection which could other- 
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wise incapacitate them. Neither qqinine nor atahrine, however, 13 an 
ideal antiraalarial for neither will deetroj certain staffs of the parasite 
(sporozoi tee) or present mosquito-borne i n feet lom Neit her drug com¬ 
pletely cures tcrtiau rnalaria although atabrine appears to be excellent 
in preventing the development of the most dreaded type of malaria, the 
so-cailed malignant tertian. A coordinated effort ia being made to find 
better antimalarials than quinine or atabrme. For these eapcrimcntal 
studies 1 percent of the ducks in the United States are being used. 

Control of malaria depends fundamentally on the prevention of 
bites by infected anophcline itKKqnitoes. Draining or filling mosquito 
breeding places, destroying the larvae there, screening buildings, and 
spraying insecticide are measures employed at Army base installa¬ 
tions, A ‘hnosquito bomb*^ has been developed which employs pressure 
from the inert gas freon to discharge an insecticide far more effectively 
than can bo done with a flit-gun. The most outstanding advance in 
insect control during this war has been the discovery of the remarkable 
insecticidal properties of DDT^ which stands for dichloro-diphenyl- 
trichlorethane. Its use prevented a serious epidemic of typhus in 
Naples just as our troops arrived there and it is proving of great 
importal]ce in the control of malaria. 

Tlio war and modem transportation have made acute the problem 
of tranamlsgion of disease by insects. Yellow fever, like malaria, is 
transmitted by mosquitoeSp Certain flies transport the trypanosome 
of A frican sleeping sickness. Bubonic plague b carried from rat to rot 
by the bites of fleas and from rats to man by the same insect* Lice 
transmit typhus and relapsing fever. These few examples indicate 
that insects carry viruscSj bacteria, protozoa and spirochetes to man- 

Thus, as Huff (5) has put it^ ‘"Long before man became air minded, 
some of the microbe were using insects for transportation.^ It is 
not dilEcult to imagine how, when this limited means of transporta¬ 
tion is aided by man^a mechanical wings, the transmission of disease 
and the possible development m this country of what we once con¬ 
sidered exotic diseases may become a very serious problem. *The 
flea which caTTies bubonic plague and normally bops a distance of 
3 to 5 inches may possibly hop from one continent to another. Ticks, 
which are among man^s worst enemies, have been restricted in their 
range by poor powers of locomotion. Will they discover our wings 
and ^hitch-hike’ a million times aa far!” (5) 

In 1938 Whitfield investigated the insects found inside aircraft. 
He collected 277 species of insects and these included 6 species of 
mosquitoes known to be capable of transmitting yellow fever and 5 
species which can transmit malaria, Tliere was also a specimen of 
tsetse fly which transmits African sleeping sickness, a bed bug, a flea, 
many horse flies, many species of house flies, oockrotiches, and black 
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flies, md 10 species known to be irectora of 6 different animo,! diseases, 
lints hare also been found in alrcrafU It bas been shown that mos¬ 
quitoes may survive journeys of over 9,5tK) miles lasting for GVi days 
and that some of them though frozen on arrival have revived when 
they became warm again. 

Tlie danger lies not so much in infected insects biting wveral indb 
viduals and causing illness thereby, but in the possibility of their 
becoming established in the new region to wbich they have been trans¬ 
ported. This occurred in Brazil and resquired much effort and expense 
to eradicate. Tlie transportation of freight by aircraft will probably 
greatly facilitate the transfer of infected sjtiall animals, like rats. 

Our own Public Ileulth Service has been fully conscious of the 
possibilities of this mode of transmission of disease and measures had 
already been taken before the war to meet some of the problems which 
had beeu raised. Undoubtedly, however, with the rapid expansion 
of air transportation, vigilance will have to be keen if serious trouble 
is to be prevented- 

Necessity has csuscd a new bmneb of medicine to develop to an 
Unprecedented, degree. The airplane of tod^y functions better in the 
air than the man who flies it. The exploitation of all die possibilities 
of these extraordinary niiichlnea has been quite definitely hampered 
by the limiUitions of man's capacity for adjustment to unusual condi¬ 
tions, It bos been the task of aviation medicine to find ways of 
adj ustment to changes of barometric pressure, to reduction of air 
pressure, and to extraordinarily rapid changes in direction and acoel- 
eratiom This has required an expansion of liie study of physiology 
which will be valuable in many ways besides those rdated to flying. 

It was teamed m World War I that M percent of the accidents in 
the air were due to errors of the pilot and that m some squadrons 50 
percent of the pilots were suffering from a neurosis vrhich made them 
actually unfit for duty, though they continued to fly anyway* The 
pmblem has beon enormously uiagnified in the present war. 

Decreases in atmospberic pressure with increasing altitude are ne- 
Bponsible for two of the major dilSculties of the flier, njmely iho 
expansioD of gases contained in the cavities, tissues, and fluids of his 
body and the effects of lack of oxygen or anoxia. Although the body 
is capable of making some adjustments to the effects of changes in 
barometric pressure, these caitoot be made as quickly as our present 
machines arc capable of rising* 

One source of trouble is the expansion of intestinal gasffs- At 18,000 
feet their volume is doubled as compared with that at sea level and at 
S3,700 feet it is quadrupled* With rapid rates of ascent these gases 
instead of being eliminated, get caught In the intestiital loops and 
produce severe abdominal cramps. There is also the problem of e 
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espansion of nitrogeiij which constitutes 73 percent of the air. This 
gas 15 dissolved in the body iluids in proportion to its partial pressure. 
When this pressure is reduced on ascending to a high altitude^ if suffi¬ 
cient time is allowed the excess of dissolred nitrogen is brought bj the 
blood to the lungs and is blown off. If ascent is rtry rapid, however, 
tiie gas is liberated before it leaches the lungs. Bubbles form in all 
the tissues witli the result tJiat the Joints become stiff and 501 * 0 , motion 
becomes impaired or is even totally inhibited (the bends’’), the skin 
itclies and burns and giant hives may appear^ and severe neuritic pain 
may develop owing to the large proportion of nitrogen which tends 
to accumulate in the fatty tissues of the nervous system* Bubbles form¬ 
ing in the brain may produce convulsions, paralysis, and even death. 
One of tlie most distressing and dangerous complications is ^^the 
chokes,” in which a burning sensation develops under the breast bone, 
followed by stabbing pain and progre.ssive inability to breathe nor¬ 
mally witliont coughing. Under combat conditions, as for example in 
interceptor planes which must take off at a momenta notice, there is 
often insufficient time for adequate dtsaturation* 

The effects of lack of osygen are insidious and not easily delected. 
Up to lOfiOO feet the flier notices nothing except perhaps some in¬ 
crease in the rate and depth of respiration. A vague feeling of un- 
easinc^ may appear, the breathing becomes deeper and the pulse 
more rapid* Between 15,000 and 18,000 feet if he stays there for more 
than a couple of hours the flier is likely to experience severe headache^ 
nausea and vomiting- Even with shorter C-xposures at this altitude, 
certain important mental changes occtir. He may become rather de¬ 
pressed, sleepy and tired or elated, Inlarious and aggitssivei even pug¬ 
nacious. He may not remember what his course is supposed to be but 
he does not care. There is a marked I'esemblance to alcoholic intoxica¬ 
tion. ^Time sense is iinpairetl and houi^ seem like minutes or vice 
versa* I f he must perform any calculations, he findi? that simple arith¬ 
metic is too much for him and his trenibling pencil makes disLoded 
figmtss on the paper* As he climbs above SO,000 feet his handwriting 
becomes a meaningless scrawl, IIis field of vision is constricted, tlic 
sky looks dark and die noise of the engine may be nearly inaudible. 
He is eventually unable to move a muscle and, at at^jut 25,000 feet he 
passes into coma.” (6) Tlieso ill effects can be met in large measure by 
the inhalation of oxygen. Regulations make its use compulsory above 
IQjOOO feet^ Unfortunatelj, howeirer, some pilots in spite of rules see 
no reason for taking ox^^gen as long as they feel all rights Too many 
fail to realize that probably the most dangerous feature of ox 3 'gen want 
ia tlie ijisidionsness of its approach* 

The availability of oxygen thmugh tanks is only one factor. At 
40JOOO feet, where planes are now flying, adequate oxygenation of the 
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blood \s niairttftined with diBicuHy owing to the lower^ air pressure. 
Adequate ptossure eabitt^ or pressure tubes are requiredj but these 
a re not yet pract ital or ay a il able for routino use. 

Everyone now is familiar with the needi for equaliaation of atmos¬ 
pheric pressure on both sides of the ear drum* It is relatively easy 
to make this adjustmetxt on rising to liigUer altitude but the reverse 
is not accomplished os readily. The commercial airlines consequently 
do not permit descent at a rate faster tlian SOO feet per minute. The 
dive-bomberj however, may descend one hundred tim^ as fast. The 
pilot of such a plane is hard pressed to ventilate hjs middle ear. 

Speed of motion docs not in itself demand physiologic adji^tment, 
but acceleration, that is, cliatigcs in rate of direction of motionj has 
profound effects upon the body. Imagine, for example, the eff^ts 
of centrifugal forces on a pilot as ho pulls up from a long straight dive. 
His “jaw sags open, tliere is a dragging sensation on his chest and 
abdomen as the internal organs are pulled downward, the limba^ be¬ 
come so *heavy^ that it is imp«ssible to move them; the legs feel tight 
and congested as indeed tliey are, and vision becomes blurred. If 
the stre^ is continued vision is lost completely (^bl&ckout^) and later 
consciousness,^^ (©) is also lost* The effects are due in Jarg® 
to tlie displacement of blood from the head to the abdomen and 
The^ are only some of the problems which confront the medical 
scientiete who have been engaged in the study of ariation medicine. 
The selection of men most suitable for aviation, the dovelopement of 
maneuvers to meet the cstmordinary acrobatics required in air war¬ 
fare, the invention of equipment wliich is at the same time efficient 
and practical, ore included in their tasks. Only when tlie war 
been won and some of the details are no longer military secrets, wi 
we know in full to w hat extent these problems have been met^ 
Approximately 30 percent of the casualties in battle zones are psy¬ 
chiatric in nature. In the management of such casualties early and 
correct treatment is of the utmost importance if lasting neuroses ora 
to be avoided. Rest, supported if necessary by sedatives, good fo^, 
quiet and reassurance before tlio casualty bos been remove^ too far 
from the battle zone have served to make it possible for iO to SH 
percent of the combatants to return to duty. Among the Austrahan 
forces at Tobruk there were 20T cases of neuro^ These comprised 
for the main part states of anxiety and fear. With early treatment M 
percent of the men were restored, lit for frontline service, whereas only 
12 percent had to be returned to Australia ns permanently unfit. 

in many other ways is niedical science contribuiing to t le war 
effort. Taut warfare, for example, I'fts its own problems. Chemical 
warfare has otliere, both from the viewpoint of attack and that of 
protection. Malaria is only one of the plagues endangering our troops 
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in the Tropics. Limitations in the supply of blood plasma have led 
to a search for blood substitutes and this has already yielded many 
valuable results far outside the limits of the original problem. Food 
is one of the most important factors in Trar* This is not only a maU 
ter of vitamins but of energy-supplying substances and mlticrais as 
well. Insufficiency leads to fatigue, lessened industrial efficiency^ 
lowered morale^ and finally to unrest, riot, and revolution. An ample 
reserve of fat and oil is important because these contain the largest 
amount of potential energy of any of the foods. We have none too 
ample a supply. Scurvy would have been a serious problem in the 
British Isles bad it not been possible to funiisli synthetic ascorbic 
acid in the place of the far bulkier citrus fruits for the shipments of 
which tonnage was lacking. We must meet fo<3d deficiencies in coun¬ 
tries now being occupied and must stamp out the infectious diseases 
which always become rampant under such conditions and plague not 
only the immediate region but by their spread endanger the whole 
world* 

When the full story of the role of science in the war effort is told, 
it will appear as an eraiuplc of “teamwork and cooperation in coordi¬ 
nating scientific research and in applying existing scientific knowledge 
to the solution of the technical problems paramount in war ” of whkh 
we will all be proud. This coordination has been organized by the 
Office of Scientific Research and Development under the leadership of 
Dr. Vannevar Bush. The above quotation is taken from a letter ad¬ 
dressed by President Franklin D. Roosevelt to Dr* Bush (Science, vol. 
100, p. M2, (Dec, 15) 1&44. The public is not aware of the ramifica¬ 
tions of this work because for reasons of security much of it has 
necessarily bad to be conducted in secrecy, “Its tangible results can 
be found in tbe communiques coming from the battlefronts all over 
the world^ (loc* cit*)* Thousand? of scientists in uni verm ties and in 
private industry are engaged in this work. The development of peni¬ 
cillin and the attack on malaria are only two examples of the results 
of this coordinated effort in the triedicat field* This work, valuable in 
war, will be just as important in peace for “the annual deatha in this 
Country from one or two diseases alone are far in excess of the total 
number of lives lost by us in battle during the war’* (loc* cit.)* 

THE SUM TOTAL 

One way of measuring the results of advancement? in medical science 
is the stntisticfl!. How long did the average newborn child live in 
former timeSi and what is its life expectancy today I What is the life 
expectancy at otlier agest How tuudi ha? infant mortality been 
reduced ? 

During tile industrial revolution in England when mothers began 
working in factories and were forced to learo their infants with wet 
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nurses or to be bottle fed with inadequate feeding formulfis, the infant 
death rote was frigbtf uL In Dublin, during the period 1715^1796, the 
mortality rate at the Foun<lJing Hospital wug 09.6 percent (4)* At 
the beginning of the nineteenth century it was estimated that about 
one-quarter of all children died before they reached S years of age. In 
Tendon, during the period 1700 to 1805, 41.3 percent of all children 
died before reaching the age of 5 years. The great historian Gibbon 
was the sole sun^i^or of 7 children. Even as late as 1870, when proper 
inortality records first began to be kept in New York City, more than 
38 percent of infants born alive died i^fore the age of 1 year. Infant 
mortality started to make a sharp decline about 1878. Today it is less 
than one-tenth of the figure at that time. 

A comparison has been made of life espectHOcy. Tables of life 
cjfpectancy were made in Ancient Rome (4), These showed that 2,000 
years ago the eacpcctation of life at birth was about 22 year& In 
Massachusetts and New Hampshire in 17S9 the espectation of life at 
birth was 2S.2 years. In 1855 the figure had risen to 39,3. In 1901 it 
was 40 years. Today it is well over GO years. 

Such statistics indicate only deaths and fail to reveal the unhappi¬ 
ness atid the economic loss produced by illness. These are difficult to 
record in numbers. 

The expectancy of life in infants, children, and young adults has 
increased greatly and even the middle-aged person can exx^cct today 
a longer life than could his ancestors of similar age. The data are 
favorable up to the age of 50, hut after this age tlierc is comparatively 
little difference between the Bom an citizen^s expectations and that of 
the man of 55 or more today. This is a very significant fact because 
it points the way to the problems of the future. The leading listed 
eau 5 icsof death in tbe United States in 1900 were influenza, pneumonia, 
bronchitis, tuberculosis, diarrhea, and heart disuse, in the order 
named. These conditions accounted for almost 7 deaths per 1,000 pop- 
ulatioD and of this number heart disease took about 1* In 1939, ap¬ 
prox im ate ly the $ame number of deaths were caused by the following, 
in the oi'der nametl: heart disease^ cancer, brain heniorrha^, kidney 
disease, and lastly influenza, pneumonia^ bronchitis, and tuberculosis* 
Heart disease accounted for almost 3 of the 7 deaths, and cancer aver¬ 
aged more than whereas in 19CN3 a number of other diseases took 
precedence over it. 

The true significance of these facts can only be gathered by con¬ 
sideration of the average age of our population, becatise heart disease 
and canter become much more frequent as age advances. The pro¬ 
portion of people over 65 years of ago has almost doubled since 1900. 
This is due to the fact Uiat the greatest advances in medical science 
ha VO been made in the attack against the diseases of childhood and 
of young adults. These are the age periods in which the control of 
maaa—*T— 
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infection, die attack on contagions diseases, on tuberculosis, and on 
typhoid fever, and the advances in nutrition have had their greatest 
efrect« Advances in the treatment of pneumonia and diabetes will 
influence nil ages. In comparison with the advances in other fields, 
progress in the fields of cancer and heart disease including that pro¬ 
duced by rheumatic fever, high blood piessurc and hardening of the 
arteries has been insignificant. This is wliy tliese conditions seem 
to be more prevalent. Kidney disease, leukemia, various forms of 
rlieumatism, many vims infections, and many more diseases still stalk 
our path. We live, so to speak, to die of other things. We escape 
diphtlicria in childhood but other unconquered enemies menace our 
later years. 

THE medicine OF TOMORROW 

These then are some of the problems of medicine today. We have 
not touched upon the advances in tho large and important field of 
industrial medicine nor on the problems there which remain t* be 
answered. Tliero has been no mention of cndocriuology'—the branch 
of science wliich deals with hormones; Remarkable discoveries have 
been made and much remains to be learned. We must bear in mind 
til at the “wonder drugs-’ that have been discovered do not control 
all infections; Tliero are many ty^Jes of infection over which they 
have no influence; for example, most of the infections caused by 
viruses—infantile paralysis, rabies, sleeping sickness, influenza, parrot 
fever, yellow fever, and the common cold. 

Then again tlic problems of convalescence are rising in importance. 
When most of our efforts had to be directed toward the control of 
infection, we were ifi the main content to let convalescence take its own 
gradual course. Today, with the high premium on manpower that 
e^cists, and with the greatly iniiiroved methods for the management 
of infections, a legitimate impatience with the slowness of repair has 
arisen. This problem is pointed up by tlie needs of the Armed Forces, 
where a man is not regarded as well until he is ready to enter the 
firing line again. A reduction of even 3.3 percent in the duration of 
couvalescencB would obviously bo an important gain from a military 
standpoint, to say nothing of civilian life, where the industrial worker’s 
time is likewise precious. Physical therapy, occupational therapy, re¬ 
education and rehabilitation take important places in tbe problems 
of convalescence. These problems are being attacked nt present under 
the di rect i on of tli e Natioiial Re.search Council. Our own laboratories, 
at their request, are at present engaged in the investigation of certain 
phases of this work. 

Psychiatry has, relatively speaking, been n neglected field of medi¬ 
cine. Within the field of [isychiatry must be included not only the 
late manifestations of mental disease w'hich crowd onr mental in- 
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stitntions and ^hich, incidentally, represent an enormous and lar^ly 
avoidable ejqjcnsc to the State, but also the muth wider field of less 
obvious mental disorder which exists all about us and which pro* 
foundly influences not only tlie a fitted individuairs well-being but 
that of his associates and of society in general. 

We are only beginning to appreciate to what extent emottonal ana 
other psychological factors find expression in somatic compkmts. 
Relatively few physicians have as yet been able to break the arbitrary 
barrier we have all been inclined to set up between mind and body 
and too few are prepared to consider the patient as a single unit 

needing attention as such. . 

The medicine of tomorrow envisages the successful solution of tiicse 
problems. With a wider appiieeistion of the value of rcsrarch and 
increasing public support for such work, as well as with the lemons 
being learned under the pressure of war regarding the value of co¬ 
ordinated effort, there is every reason to believe that the hope for far 
greater success in the attack on disease than we liave achiev so ar, 

is not Utopian. i -u j i 

The advances in medical science which have been de«rihed, anti 
many other important contribut ions to our knowledge which have not 
been mentioned because of lack of time, nre of comparatively litUe 
value if the majority of the people do not profit by them. e ica 
knowledge has progressed rapidly, but the application o icse ac 
Vances Ims lagged far behind. Witness the matter of tuberculosis 
With a systematic, concerted effort, this disease could he stainpctl out. 
By means now available, X-ray films could be taken of our entire 
population at comparatively little expense. Hidden carnere o tu r- 
culosis wlio are responsible for its continued spread could be detected 
and by simple mcasm^ these carriers could be rendered hannle^, lo 
bring this about, the public itself must be iiitci^ted and must for™ 
upon its officials a demand for Uie adoption of the neces.sary steps. All 
too often pressure is brought on public offioei^ only 
sighted individuals whose chief interest is iu limiting pubbe expendi¬ 
tures rather than by those who understand the value of cflieietit, 
far-sighted, and advantageous use of public funds. 

With proper measures, syphilis and gonorrhea can a so « com 
pletely eradicated. The Scandinavian countries a numter of years 
ago made tlicse diseases medical curiosities instead of public m^aces. 
Thanks to the leadership of the Public Health Service wo are beginning 
to attack the problem of venereal diseases intelligeiitly. 

The importance of sanitation is common knowledge. But, strangely, 
we tolerate abuses aU about us, Management of such mattere is some¬ 
times left in whole or in part to persons who may be indifferent or 
uninfonned and who have no spwifll training in the field of public 
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health. Efstaurants we frequent are allowed to be conducted irs ways 
which offer opportunities for the spread of disease- Kitchen help in 
various institutions are employed without examination as to tlie likeli¬ 
hood of thelf transmitting disease, without instruction as to their 
public responsibilities, or supervision as to their cleanliness. Unpa^ 
(eurized milk is sold in certain comiouriities which has been taken from 
cows Jtiadequately inspected This community is no exception to these 
criticisms. We wait for a serious epidemic to break out before giving 
thought to such matters. That is a very heavy price to pay. 

In yet another important phase is the citizen falling to profit fully 
from the advances in medical science. Klediclno has been so trans¬ 
formed in the past several decades that the examination of the individ¬ 
ual is no longer a matter of the pul^, the temperature, and the appear¬ 
ance of the tongue. The more precise methods of the present day 
reijuire X-ray equipment and laboratory facilities, some of w liich are 
comple.v and expensive. These in many instances are impossible to 
apply in the home or even in tlie average oflico. Thus we have seen the 
growth of clinics and specialists. The hospital has become ihe doctor^s 
work-iliopj that is, the place where he has, or should have, at his dis¬ 
posal every new means for diagnosis and for treatment which science 
has devised. 

These developments have led to a great increase in the cost of medical 
care. An adequate examination is more costly than the average person 
is prepared to pay if he makes no special provisions for such expenses. 
Heakh is still regarded as something which does not compare in the 
family budget with food, clothing, and rent ^ yet every thinking person 
realizes that in the last analyst provision for health is a good invest¬ 
ment in ensuring the more obvious and seemingly more pressing mat¬ 
ters of bread and butter, bleans must be worked out whereby the whole 
community, the middle man as well ns the rich and tJie poor, has access 
to the best in medical cure. These means must not bo stereotyped or 
rout ini zed for good medicine cannot be practiced in that way- Tho 
doctor-patient relationship and the right of Uie patient to the free 
choice of his physician must be preserved* Thot 13 a precious heritage 
without which it would be difficult to apply the advances of science to 
the fall profit of the individual. We are confronted with a serious 
and complex economic problem which must be solved. Many students 
of the subject believe that the solulion can be found by making im¬ 
provements in the present methods of medical care rather tliau by 
extreme measures involving so-called ^^isocialization^^ of medicine. 

The we 11-trained physician expects to practice his profession w ith 
the full utilization of modern knowledge and methods, even though 
these be costly. He has a right to expect tliis and a duty to inform 
his patient of the faculties which should be available to him* Tho 
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patient, on hh part, should oipect of his doctor an appreciation of the 
advances which are being made and an understand!ing of their appU- 
cation—or at least the physician must know, if the problem some¬ 
what complicated, how and where up-to-date methods and informa¬ 
tion can bo obtained; for we liave long passed the time when any 
single physician could apply and manage all the tools of medical 
science. It is not sufficient to havo penicillin. Unless a dia^osis 
is made correctly and treatment initiated promptly, even this re¬ 
markable drug will fail. 

The establishment of a 4-year medical school in your midst should 
aid in the attainment of many of these goals. A good medical school 
is much more thnn a trade school whici offers to a certain number 
of young men and women the opportunity of learning **the what 
and ‘hhe how” os they are known today* By providing faciUties for 
and encouraging research it brings to your midst and fosters in your 
medical community a spirit of inquiry, a search for newer knowledge, 
an awareness of, as well as the means for, evaluating advances in 
medical science wherever tliey may have been discovered. Such a 
spirit of inquiry must be inculcated in the medical student, for t e 
best-trained doctor and the most elFectSve is the one who is able to 
think, to seek out, to evaluate, and to apply. 

A good medical scliool must also be the center for postgraduate 
medical education. The physician who does not remain a student all 
his life soon fulls behind. His needs are not met by occ^ional at¬ 
tendance at meetings* It is only by weekly and even daily confer¬ 
ences and discussions with his fellows and with esperts in various 
special fields, that he can keep up. These are things that your medical 
school should do for you and your physician* 

• ♦ * < • 

Medicine has changed from an art based on a little knowledge, a 
gtealer or lesser amount of ^common sense,” and a certain degi'ce of 
nonsense and even of charlatanism, to become more and more of an 
exact science* This progress has brought with it certain problems of 
practical application but it also offers opportunities for benefiting 
mankind which are truly great and must esploited. The advances 
in medicine have opened up as many problems as they have answered* 
To fathont the goings-on in a mechanism so complex as the human 
body, to determine the chemical reactions which take place in the 
niyriads of cells of microscopic size and of many different types which 
make up tliis organism, to learn tlie workings of the mind and its 
relation to the organism as a whole, to discover the reasons why 
different structures sometimes fail to function normally, and to mid 
mea^ whereby they can be restored to their normal octivides, is a 
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stupendous task the size of irhich oiilj those who are familiar with 
the knowledge already gained, can begin to apprecinle> Yet the 

progress which has been achieved in this fascinating search makes one 
await with the keen^ interest tlte discoveries of tomorrow. 
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Hardly any other field of science is as misunderstood by the general 
public aa that of medical researdi- Excessive dramatization is partly 
i-esponsible for several i^pular misconception a. Most common ot 
tlieso ideas is tliat the predominant number of udvau^ m iMdicmo 
begin with a man, sitting at a sick bed, utterly shaken by ic e cc o 
an incurable disease. Suddenly he has a new idea. He mak^ a lew 
esperinietits, preferably on himself, which aro successful. At hr^, no 
one believes in hU work, but finally he is recognized and cures tUou* 


sands of people. , ,* _„i 

Medical research does not follow such n cou^^ie. Nor do^ a medK^l 

research center suddenly flourisli iuto full bloom after a c ^auce 
mg has brought togctlier a physician^ a chemist^ a physicist, asi en 
organizer who become united in tlieir hummiitanan co a ora ion j 
a burning desire to relieve the sufferings of humanity- . i 

For the past 20 or 30 years chemistiy has played nu important role 
in medicine, whereas the participation of physics has been re tt ive y 
limited* This condition is easily understandable. With the eiijlora- 
tion of the chemical composition of, and processes occurring ^'i lU, 
the liod j, a number of specifically a<f ing compounds ’srere oiux v i \ 
could be used therapeutics lly. Not so in pbjsics- Top ly sica p le 
nomoiia and foruis of energy—particularly those employed m p ysi 
cal medicine—aie mostly nonsi^ecific, at least in the way m which they 
were used in tbo paat. Another reason for the relativ y snia in u 
enco of physical sciences in medicine is simply that p ysics is oo 
difficult. The physical phenomena in biology and medicine are for 
the most part so complicated that they have not yet been " 

The whole arsenal of physical research, from quantum dieory to the 
technique of iiiifitninicnts of the highest sensitivity, is n mv 

tigute these problems. Witliout these powerful tools, any research in 
the biophysical field was formerly rather liopelesSi 

* acarinted hj pcrtnlfifIon Iwm TTSe TeetafllofiT ®f'***‘^ ^ 
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Already we have reached the poiitt where a change of decided im- 
poriance can be observed. The theoretical and technical means of tliis 
lesearch are new available. The interest in, and therefore the number 
of articles and books about, subjects in physical medicine, biophysics, 
and medical physics has considembiy increased of late. Tlia war has 
stimulated important research in physiology as related to physical 
phenomena. There is much evidence of the desire to make the results 
of recent physical and technological investigntions available for tlie 
service of biology, medicine, or public health. This tendency ia mani¬ 
fested in the fields of electronics and instrumentation, in trans|)orta' 
tion engineering and air conditioning, in nuclear physics and, quite 
significaiitiy, theoretical physics. 

The introduction of physical and technological research into the 
medical field is very promising. Formerly, medicine had been devel¬ 
oped on a highly empirical basis. Medical men were concerned 
merely with the over-all effects produced j a living organism such as a 
guinea pig would be treated in a specified manner, and the gross 
results of the treatment would be observed, The newer approach in¬ 
volves a qnantitatJve study of the effects of the various physical phe¬ 
nomena acting upon the living organism and investigates step by step 
the results of these actions. Even though accurate physical measure¬ 
ments cannot yet be made on each and every aspect of the phenomena, 
the value of the approach is beyond question. 

To illustrate this type of research, assume that we wish to study the 
medical effect of an X-ray treatment, applied to a given location of a 
tumor flt a certain depth in the body. The treatment may be given 
under a great variety of conditions, using different X-ray generators, 
tubes, voltages, currents, filters, and distances between the generator 
and the subject, Tlio biological results of such a treatment w'ill be 
different in each case. But when we know enough about the absorp¬ 
tion and scattering of X-rays in tissues and the effect of wave lengths 
and Oliver physical magnitudes, we shall bo able to predict the dose 
distribution in tlve body. Experimental resuits then become com- 
parahlc, and the biological and medical results can be correlated with 
the physical phenomena causing them. At the same time, the number 
of variables involved diminishes greatly as will the number of opin¬ 
ions and contradictory reports so frequently encountered in medical 
literature. 

The result of any kind of therapy is to be measured by the clinical 
sticcess and the cure of the disease, of course. The process of healing 
a disease is, however, a consequence of a given treatment in addition 
to a great number of physiological and psychological processes. So 
Jong as consideration is restricted merely to the treatment and the 
cure, one does not know whether the patient got better because of, or 
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in spite of, th© treatment. In otlier words, the mere obsorration of 
the clinical end result is unsatisfactory because it is incnmplete. Only 
that type of medical research which investigates the action of the 
treatment step by step will lead to the finding of natural laws which 
will always be valid and wbicha in tlie hands of the pUj'sician, will be 
a valuable guide to him. 

This tjrpe of resea rcli also indicates how medical instrumente should 
be fashioned so that better results may be obtained* For example, 
search on high^volUge X-rays has sliown that it is possible to obtam 
an increase in X-my energy in the depth of tho body in such a way 
that tlie surface layers through which the beam passes are relative y 
little affected. This knowledge is of grestest importance in the treat- 
meutof deep-seated tumors^ and the development and product ion of 
appropriate equipment for clinical use follows as a. logical consequence 
of such research. TliJS single example is sulficient to show tliat phys^ 
ical and technological research may brilHantly com [dement clinic^ 
observation in furnishing the guldiug principles for supplying jn - 
cal men with new equipment, 

PIAGNO^C applications 

A great need for research and development may bo anticipated in 
the field of physical diagnostic methods and instruments, and here 
again technological developments are able to make substantial con¬ 
tributions to medicine. One of the most commonly used instrument 
in the doctor's office, the stetlioscope, bclongij in the category of such 
physical diagnostic tools, and its development illustrates the bene ts 
which modem teclmologj' can bring to the medical setences. 

TpYIicn the stetbosco[>e was first introduced into practical use in 
by Rene Laennec, it consulted of a rigid hollow tube with enlarged en 
pieccsL In thus form it was used for a long time until the stethoscope 
with flexible tubing and a membrane at one end wa5 developed. e- 
chanical resonance is emploj^ed to some extent in the flesibk-tubing 
atetlioscopc and provides some amplification over a narrow but use 
frequency band* Today, through the u.se of a microphone and a suit^ 
able electronic amplifier, the electronic stethoscope makes possible the 
reproduction of the sounds of heartbeats for Icirge audiences, j t e 
Same time, the tnstriimeiit is able to record all aspects of systolic an 
diastolic contractions or, using filters, to scl<^t for special study any 
range of the frequency components of heartbeat* At present, t e 
electronic stethoscojic is used primarily for research, but there are ot ler 
electronic instruments which have been adopted in standard routine 

examinations in medical practice. 

Research on physical diagnostic methods and the development ot 
instruments required for diagnosis are particularly promising at prea 
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cnt through the use of electronic meanij. The complete lack of inertia 
in electronic equipment (at least so far as cenoerns the biological proc* 
ess to be measured), the ability to amplify, and the negligible amount 
of input iMjwcr required to control electronic devices are, in part, 
reasons for the general anticipation of such a development. But hio’ 
logical considerations also contribute good reasons for the adoption 
of electronic equipment. Of these reasons, one of the foremost is that 
minute voltages, called action potentials, arc produced within the body 
as a result of biological activity of the heart, brain, or nerves, for ei* 
ample. The amplification, detection, and analysis of these action 
potentials has oi>ened u]i new fields of diagnosis which have reached 
tlieir most advanced developments in the fields of electrocardiography 
and elect roeucephalogra]jhy. Moreover, it has been found that the 
electrical characteristics of the skin may be used for diagnostic pur¬ 
poses, and here again electronic equipment is culled upon to piny its 
important role. 

In elect rocardiography the action potentials generated in the body as 
the result of the beating of the heart are obtained from electrodes 
placed on the aims, legs, or chest of tlie patient. These minuto volt¬ 
ages are then amplified and recorfied, A deviation of the recorded 
curves from the normal pattern indicates a pathological alteration of 
the heart activity. Since the patterns for diffeient diseases are known, 
a reliable differential diagnosis is usually possible. It has also been 
proposed to use these action potentials for therapeutic purposes, as, for 
example, resuscitation or the treatment of cardiovascular diseases. 
Pick-up electrodes, from which the action potentials arc obtained, are 
attached to the patient. After suitable nniplincntion these potentials 
are reapplied to tho patient by means of another i>air of electrodes. By 
designing the amplifier for proper phase shift or delay of signals, it 
may be possible to stimulate the activity of the heart in its own rhythm. 
In this technique the heart is used as a self-exdtcd oscillator. As yet, 
little is known about the results obtained with this method. 

The electrical activity of the brain is recorded by means of the 
cJectroencciihalograph, which makes possible the diagnosis of certain 
mental disorders by mofins of electrical potential measurements on 
the scaijn The principle of the electroencephalograph is similar to 
that of tlic electrocardiograph. The interpretation of the curves, 
which arc naturally much more complex than these of the electro- 
cardtograph, is, however, sometimes dhTicuU, Considering the very 
complicated processes of the brsiin activity, we would expect this, but 
the difficulty is a pnrlicular challenge to obtain moi-e and better infor¬ 
mation by the use of improverl equipment. With this method it is 
now possible to determine Llie location of a brain tiunor (sometimes 
very important in bmiii surgery), and it may become feasible to 
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localize or coordinEite certain parts of the bi-am with Bome mental or 
jihysical anonmlies. A considerable increase in the sensitivity of the 
instriuncnto iiscd in elect roencephalogropby is not possible, however. 
The magnitude of brain action potentials is close to the noise level 
which it is impossible to overcome. 

It k to be expected that further research on electric ner%^e action 
potentials in connection with other organs, glands, and so on, will 
evolve diugnostic methods which are perhaps of even greater im- 
IH>rtftnce in general medicine or in psychiatry than the ones we already 
have. The difficulties are great ^ wlnit we measure is largely a super- 
imposition of many di fie rent electrical sigiials^ Sometimeg the 
development of special osperimental techniques is required to elim¬ 
inate those eignals which are not desired and to record imdistorted 
the signals characteristic of the process under study* One di faculty 
here is tlie luck of a proper explanation of the fundumental process 
of pi'Opagatiou of nei^ve action potentials. Tlie velocity wntU w'hich 
an impulse travels along a nerve is of the order of one meter a second. 
Tliis \^locity is too fast for pitipagation to be achieved by purely 
chemical means ^ it is loo slow to bo the result of n purely electricul 
phcjicuncnon. 

Tlio problem of physical diagnosis is fretjucntly that of getting 
some information about processes going on inside the body from 
mcasuieiDents on Uie body surface. Besides mechanical, thermal, or 
optical properties of the skin, its electrical properties can also be used 
cliagnostically* From simple electrical r^istance measurements of 
the skm one can get Indications of the cwtivity of the sympathetic 
neiwons system and of emotional reactions of the pereon under ob^r- 
vation. An instniment used for this purpose is known in medicine 
as a psycho-galvanic rcQcx Hicter and has attained wide publicity as 
the lie detector. It is very likely that this instrument, in the hands 
of an experienced psychologist, can uncover the dee^r causo of many 
diseases and, jicrbaps, can open up a new physical experimental 
approach to psychological and neurological studies w liich, in the past, 
have been based solely upon theory. 

THERAPiiUTiC APPLICATIONS 

Many persons also expect the field of physical therapy to show a 
development as rapid as that which has taken place in physical diag¬ 
nosis. The situation witli respect to the search for physical means of 
healing and curing is, however, somewhat different from that of diag- 
nosisi In his jxipular boob about medicine* Dr* Carl Binger charac.' 
terizea research in therapeutics with the words, 

Like hnppliiesa, a cute Is seSdoiu faond hr fnr Jt Some cares ere tie 

In^cal oatfTDwth of i!ecp Bcienttflc undcnstaiidiiis’^ others arc atumtled upon bj 
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aeddeat and atUl otharq luiva ertwq out of tbe aTident oxiPiCTleace and wlsdoci 
of the race, 

Phyaical medicine, in particular, is the outgrowth of experience, 
Apparentlj heat and cold, all: and water, and the beneficial influenco 
of the sun's tudiation hare been used to fight diseases since the earliest 
times of humanitj. The powerful effect of radiation therapy is known 
to everyone who has ttsed this treatment in too large dosages on the 
beach; painful simbtirn is the vehement reaction of the body. On the 
other hand, lack of tlie sun's radiation can cause severe diseases, since 
the formation of important compounds in the skin is due Co photo- 
syntiietic processes and requires the presence of radiation of the ap¬ 
propriate wave length. 

The wave lengths of light which are of greatest importance in medi¬ 
cine are located in the ultraYiolet portion of the spcctmin. In general, 
three different ranges of ultraviolet radiation may be distinguished. 
The range of from to 4CM) millimicrons has the poiver to iienetrate 
the skin to an appreciable extent and is used in the trestment of some 
diseases, for instance, lupus. A second range of ultraviolet radiation, 
between 280 and 315 millimicrons, produces erythema of the human 
skin and is applied in tlio treatment of rachitis (rickets). The range 
of wave lengths shorter than 280 millimicrons has a particular germi¬ 
cidal effect. The primaiy effect of ultraviolet rays on cells or on pro¬ 
teins is still n difficult problem^ especially since it is expected that the 
energy of a single photon of the radiation must have some relation to 
the binding energies within the structure of proteins* 

Such specific effects arc not to be expected in the infrared part of 
the spectrum* The effect of infrared treatment consists more of super¬ 
ficial heat, which may increase the flow of blood through the capillaries, 
rela3c muscle spasms, or produce locally increased metabolism. Fre¬ 
quently one finds the opinion expressed that infrared rays are able to 
penetrate into the depths of the body, hut this is not so. Particularly 
those lamps used in infrared therapy which operate at low-color tem¬ 
perature (room heaters, for example) produce a radiarion of which not 
more than a fraction of 1 percent enters the skin. The wave lengtlis 
shorter than OJ micron are absorbed by oxyhemoglobin, those longer 
than 1 p 4 microns by the water content of the ti^ue. Of course, this 
does not mean that infrared treatments are ineffective but mtlier that 
beneficial effects occur only in certain regions of the body. 

If heat is to be applied into the deeper regions of the body, the 
techniques of diathermy and short-wave diathermy arc more appro¬ 
priate. Short-w'ave dielectric and induction heating have been used 
in medicine for more than a decade and have been employed by in¬ 
dustry on a large scale for only a few years. Industrial research 
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in tils field has Kcently been so successful, howeTcr^ that its results 
can BOW be used for medical applications, Tlie development of ultra- 
high-frequency equipment during tlie war will enable us to use electro¬ 
magnetic waves medically in the range between very short radio waves 
and infrared waves^ Theoretical considerations and actual measure- 
ments made on short-wave radiation fields show that, at least to some 
it is certainly feasible to localize the effects of elcctroiaagnetio 
waves to certain regions inside the body by focusing the waves on the 
desired area or organ. 

Unlike direct-current or low-frequency electric impulses, high-fro- 
quency voltages and currents do not produce electric sliocks* At 
radio frequencies^ several amperes can be sent dirough the body 
without any sensation other than that of heat. But also direct current, 
direct-current pulses, and low frequencies are used in medicine. Re¬ 
cent research Ld sliock therapy and also in the promising field of electro- 
narcosis demonstrates the possibility of using electrical power ot low 
frequency and various wave forms for specific purposes* 

Ajtiong the great number of physical agents which arc actually or 
potentiully important in medicine, that of climatological environment 
is very interis.Eing but may be rather pnohlematic in it^ inlluenco* 
Different authors report that some diseases, like arthritis and rheuma¬ 
tism, and certain psychological and physiological conditions depend 
upon the weather. Many people are affected by a change of atmos¬ 
pheric conditions, as, for instance, the arrival of a thunder^orm or a 
snowstorm, and such effects can be very pronounced, depending upon 
the geographic locatioiu Since temperature, humidity, and barometric 
pressure do not appear to bo involved iu this effect, it has been claimed 
that the electrical condition of the atmosphere is tbo important factor, 
Russian workers report interesting progress in this field, but it seeiM 
Uiat additional research is needed to reach definite conclusionSi ^ Medi¬ 
cally important discoveries may result from further work in this 
field. 

It has been said tliat physical therapy is a purely psychological 
treatment. Considering the decisive importance of psychology m 
medicinB, no otlier statement could be of higher praise to physical 
therapy. The important question is only whether the effect of tr^tr 
mcnt with physical agents acts first in the imagination of the patient 
and from there acts upon his body or whether a physical or chemical 
change in the organism can be proven to be a direct consequence of 
the physical agent. We know today that both effects esbt, but we 
do not know enough about the mdividual factors and bow they inter¬ 
act. Fortunately, the physical and biophysical part of this compli¬ 
cated process is eceessiblo to experimentation and exact measurement, 
and wa may expect much progress from research in this field. 
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EDUCATION 

In the future, the complexity of the physical phenomena involved 
in scientifically oriented investigations in physical medicine will 
require the services of trained physicists. Many hospitals have al¬ 
ready recognized this fact and have added physicists to their ststTs. 
Some have installed biophysical laboratories, analogous to the bio¬ 
chemical laboratories, which Lave long since proved their value. 
The tasks of a physicist in such a position are numerous. Besides hb 
own research, often in collaboration with his medical colleaguos, he 
works out plans for treatment in special cases (e. g., deep therapy); 
he develops physical methods for special diagnostic and therapeutic 
applications; he keeps the medical staff informed about progress in 
phymeal research; he tenches (particularly in medical schools) ad¬ 
vanced and specialized courses; and he advises the medical research 
workers whenever they need physical methods and instruments in 
their own research. Inquiries for such physicists have already been 
received from hospitals^ and the Institute has in operation plans for 
the training of physicists for the medical field. Ilia training of 
physicists and engineers in this field will also be of interest to a num¬ 
ber of industries, in particular those concerned with medical instru¬ 
mentation. The anticipated expansion of this branch will require 
specialists, trained engineers, physiebts, and biologbts to an extent 
which perhaps may be comparable to the man-power requirements of 
the chemical pharmaceutical industries. 

To establish an efficient liaison between physics and medicine it is 
not merely sufficient for the physicist to know more about medicine 
and biology. It is also necessary for the physician to apply the physi¬ 
cal way of thinking to these problems and to acquire some knowledge 
of the available physical technological methods. The writer has re- 
peat^Jy found that the physician, thinking in biological rather than 
physical terms, does not alwa^ appreciate the necessity of an ob¬ 
jective physical dosinjctric measurement. In sliort-wave diathermy, 
for instance, the subjective feeling of heat is frequently used as a 
criterion for dosage of the treatment and has been defended as “bio¬ 
logical dosimetry,” which was considered superior to “mechanistic 
physical dosimetry.” It is obvious that such n biological dosimetry 
contains two unknown variables: the physical field intensity and the 
physiological sensitivity of tlio patient. Two treatments on patienb 
of different semitivitles can give entirely different results, although 
both patients indicate the sarae biological dose. A better training of 
the physician in plij-aics (either premedicul or postgraduate) and an 
additional training in instrumentation for the specialist in physical 
medicine are necessary not only for the physical quantitative approach 
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but also for a successful oollsboratioa bclween physics and medicine. 

The need for such a training hns been recognized by the Baruch 
committee on physical medicine irhich has recently granted funds for 
the equipment of a physical medical laboratory to teach phyBicians tlie 
physical teclmological methods which are or can bo applied in medi¬ 
cine and to develop and investigate such methods and instruments as 
may be most promising. This project is already in operation, but at 
the present time only a very limited number of applicants can be 
trained. The program oilers a great opportunity for an intenaiTe 
collaboration of physician and physicist from which may be expected 
new and better applications of physics and technology in medicine. 
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NATIONAL EESPONSIBILITT FOR RESEARCH^ 


Bt J. E. GftAi- 

Aaaiatanl Sem^anf^ iJUJirwHon 


If any cominoit ground for international thinking has emerged 
from the wide condict just ended, it is that the world is looking forward 
to a higher level of well-being for alL Leaders both in Britain and in 
this country have given expresssion to such intentions, and the hopes 
of most peoples are in complete agt*eement. As we survey the colossal 
destruction of the war in human, scientifiC| cultumlj and material 
resources, it is clear that the attainment of these hopes is a major 
challenge to tlie human race* 

Science received w^orld-wide recognition during and in the period 
following the First World War. King Albert of the Belgians ad¬ 
vanced science on a national basis by subsidizing research laboratories 
in Universities^ Industrial research grew rap icily. Even the man 
in the street became aware of the importance of science and invention, 
for articles on important scientific and tBchnological advances ap- 
jjeared in the daily pi^ess. This development was stimulated by the 
appointment of science writers by several metropolitan newspape^ 
The intelligent and fair approach of tltese vrriters to their subject (Md 
much to bridge the gulf which had hitherto separated tlia scientific 
from the nonscientlEc. 

In 1938 there was published by the National Eesonreea Planning 
Board under the title ‘^Researchi a National Eesource,*^ a thorough 
study of the relation of the Federal Govemitient to research in the 
United States. In pointing out that research is a national resource, 
it directed attention to the obvious need for the development of that 
resource. In this admirable study an analysis was made of the anio^ts 
expended by agencies of the Federal Government and of the various 
fields covered. It included as well a discussion of restrictions on the 
use of Federal funtls for research, including suggestions for improve¬ 
ment, many of which have since received favorable mention Wth in 
England and in the Bush report in this country. The section on 
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reseai-ch in Americjin universities and colleges pointed out the great 
i]se of these organisations in training researcli men and in conducting 
basic research, a field in ivliich universities excel, for they are largely 
free from the rc^onsibility for solving specific problems. The mm- 
mary of findings and recommendations picsented many suggestions 
which recent stiidiets have shown to be essential to the increase of 
research both nationally and internationally. 

The popularhsation of science was weU under way at the time of the 
Second "World War, General public interest in science was advanced 
further by the Germans in their oft-repeated mention of secret wea¬ 
pons. During their impressive early successes, these thi-eats reached 
every ear—as indeed they were planned to do. Tlie growth of allied 
superiority in the development of new devices both for offense and 
defense was given equal publicity. A parade of new and improved 
weapons culminating in the proximity fuse and the atomic bomb, left 
witli the general public the fixe<l idea that succes:^ in warfare wa^ de¬ 
pendent more on sldlled scientists than on tlie millions of bayonets once 
boasted by a late dictator* 

While the war w^as still in pmgress and the outcome by no means 
certainj the role of science in the postwar world was the subject of 
active discussion in Britain. Tliia was a logical trend, for Britam is 
no stranger to state-supported science. In Uie several councils for 
agricultural, medical, and industrial research, in various govemmen- 
tal research laboratories, and jn grants to universities for faeditating 
fundamental rcsearcli, there exists a broad base for state-supi>orted 
science* Beyond this, there was a steady drift toward the full utiliza¬ 
tion of science in the war effort, an urge that came from scientists and 
government alike. Late in 1941 a meeting of prominent scientists 
and representatives of the war science committees was called by officei^ 
of the Royal Society. The principal subjects for discussion were post¬ 
war problems, including those of the immediate postwar period as well 
as those relating to tlie welfare of the peoples of tlie Empire. Even 
in these preliminary discussions it wassti’cssed that while a little coor¬ 
dination may be necessary to guide research into profitablo paths and 
guard against useless duplication, science must be kept free from close 
supervision which could develop into regimentation* 

This trend toward planning for postwar research continued in suc¬ 
ceeding years. There were people who still insisted that the develop¬ 
ment of science slioutd be left to individual initiative, but they were 
figliting A losing battle against those who said that science should be 
centrally organized and that research in mfuiy fields must be expanded 
by government action. The phenomenal success of science m warfare, 
which by this time was turning the tide of battle, w as quoted as a sign 
that freedom from want could be insuted only through a full utiliza- 
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tion of science. It «as pointed out thnt this greater, state^pported 
research could be directed by oonimittres repi^oting government, 
scientific societies, and research departments. The development o 
both pure and applied science as rapidly as p^Ksible vnis iwom- 
mended^pure science because it is the source of ultimate technological 
advance, applied science because it translates the advances of pure 
science into security and public welfare. As pointed out in statements 
from Nuffield College, however, tho distinction between pure and ap¬ 
plied science can bo overslressed, since both methods can be, and 

are, used simultaneously in solving problems. 

Thera were abo differences of opinion regarding tlie relations of 
science to politics. While the decline of German science 
ascendancy of the Nazi Party in 1033 was presented as 
science cannot under .all conditions remain free of the eff^ “^ 1,0 

cl^ns®, Sir Henry Dele <..= . pow^rM spoke®... <or * » 

Ifrekcel to keep science free of poUtics. l-we 

«UDe of soien« or tl« rory con* of ite freodon. should bo^n* .solved 

as a battle cry in a campaign on behalf of any pobti«ils> cm, _ 

its opponents would describe it as revolutionary or reac lotia -' , 

science were thus to be used os a weapon of political 
bo impossible to protect science itself from the pr^ure of recrtonal 
politics.” In general the fear that a statfrsuppo science 
become involved in politics, or would low its freborn o ac 10 s 
declined in Britain. A powerful organization of scientist^ a 
ability to prewnt promptly all controversial opinions to _ 

sisting of an informed and unprejudiced public opinion, bv 

that would work against any action, whether by gwern 1 * 

pressure groups, calculated to limit the fr^oni ^ . _ 

research iTpon which it is founded. Throughout^e ^ 

accelerated, state-supported research, tliere has been . 

for purticipation by all interested persons from govermnen ^ 
and the universitik Eeprerentatives of the a^ndion “f 
workere also took an important part m all „ .t ^ 

important to an orderly coiiaideration of the su jre , various 

was o vehicle for prompt and impartial presents ion o 

^mlv of the extended discussion relating to the exp^sion of 
research leaves the clear impression tliat 

plans for a wide use of science in the future, direct^l both to national 
security and the welfare of the peoples of the Empire. 

The situation as to the development of ^lence m ^ 

competely knoivn. Tlic general control of rerearc i iS , 
Academy of Sciences, which directs the efforts of 
men in all quarters of the Sonet Union. Through its close relations 
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with Uie utliTersittcSf the Acadeinj also has the selection of tile more 
promising science students. With the great expansion of uniTereities 
and the mnch larger number of students enrolled in the science depart- 
ments, the re,search personnel of the Soviet Union is increasing on an 
incredible scale, probably far abend of any other nation. The Soviet 
Union has shown consistent good judgment in dealing with all phases 
of science. Research is a respected profession with a promising career 
for copable students, It is publicized widely in the daily press and 
scientists become national figures. During the war, Russia consist¬ 
ently maintained research on a high plane, and refused to sacrifice 
^lentists on the war front. Construction of laboratories and reseatcb 
institutes has proceeded steadily so that at the present time research 
HeiUties in the U. S. S. R, are probably second to nonej either as to 
n™ber or equipment. Most important to the conservation of the time 
of research leaders, these laboratories are well staffed with assistants. 
At the same time field expeditions on a lavish scale have been continued, 
thus adding to a knowledge of natural resources. If there is a differ¬ 
ence in science as practiced in Russia, it is probably that science there 
is more clearly directed to a pu rpose. 

Further expansion of state-supported scienre poses no problem for 
Russia, The machinery for directing additional research now exists, 
and laboratories and universities with adequate staffs are available. 

cience will certainly continue to expand, for the leaders apparently 
^hze that- an adequate standard of living involves the use of science 
m t 0 development of natural resources, in the growth of industry and 
TOmmerce, and in further research in matters relating especinhy to 
health, food, and housing. 

Rls^'here in Furope there are numerous signs that a centralized and 
expanded science will develop in the near future. Scientists met the 
most discouraging adversity in the war years with courage and devo¬ 
tion and kept alive a distin^ished research tradition. With the record 
o t lose war years, it requires little imagination to anticipate a steady 

ond strong growth, possibly even a great increase in research tlirough- 
out Europe. 


ith science taking giant strides in other countries, the question 
mig t we be asked, “What of America!’* Tliere is need now to take 
stoc^ o our place in world science, for isolation in science is even less 
possible than is political isolation. As we review our own place m 
science, there is room both for pride and humility. In the war we gave 
a crushing demonstration of the scientific and technological abilities 
and the industrial might of the United States. In accomplisliing this 
miracle, however, ire plundered our natural resources and wo raided 
^reuks of our younger scientists. The net result is that we fare a 
poetwar world with depleted reserves both aa to scientific personnel 
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and natoral resoiiroes. TUe dearth of trained scion tista is doubly 
serious, sinco the shortage touches teaclierg as well as research workers* 
Of those, the teacher shortage may be the most serious, for until the 
universities and technical colleges are staffed effectively we can never 
hope to make up the present deficit in scientists, ^Vhen we consider 
tlio planned increase in science in other countries, it is obvious tl^at the 
elimination of our present deficit in researdi personnel is only a first 
step tow'a rd our goal. 

Leading scientists are agreed that our counttr must embark on an 
enlarged program for scientific research and development* They fur¬ 
ther agree tliat to accomplish tliis object and insure the security of the 
Nation and the vrelfaxe of its citiMns, federally sponsored science is 
necessary. There is disagreemcn t as to details touching the disciplines 
involved, the types of institutions which should participate, and the 
nature of the administration re(]uired* It seems certain that legisla¬ 
tion dealing at least with some of the needs of research iviJl be euactod* 

The greatest source of danger to a plan for subsidized research 
is that the country as a. whole does not truly appreciate Uie importance 
of this subject. With doubtful or wavering pubhe support^ a period 
of rigid economy might well cripple or completely stop such a pro¬ 
gram. This is a real danger, for science has alwayia been the fii'st 
casualty in periods of reti^nchment. The continuity of such a pro¬ 
gram can be assured only when the people of this country know that 
it is certain to win over a long periotl—even more, when they realisEc 
that without a strong, efficiently administered program of research, 
we, as a nation, shall be competing at a great disadvantage in a new 
world* We shall be competing at a disadvantage not only as to na¬ 
tional security and national welfare, but also in maintaining the world 
leadership wo won in the period ending with the close of the war. 
Public support must be based on public appreciation of these facts, 
and only when this occurs will a program for increasing scientific 
investigation receive active and contLnuirtg support. The public 
sliould be treated with frankness; it should be informed that research 
is a gamble both as to tho specific results obtained and tlie time in¬ 
volved. This is especially true in the case of baaic research, the typfl 
most urgently in need of stimulation. 

Is tliB W'orld preparing to turn to competition in science, and what 
has happened to place science in the forefront of international affairs? 
Science and invention together had made nn inipresive record in the 
40 years antedating the war. These developments ^to^ched the daily 
lives of millions. An enumemtion of a few of the major industries 
will illustrate Uie great social implications of expanding science. In 
1900 there were few telephoties* The major growth of this huge utility 
falls within tlie 40 years under consideration. ’H ithin tliis same 
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period there came the automobile, nirpl&ue^ motion pictures, niyon^ 
and the radio. These in vent ions became the bases for pant indus¬ 
tries, giving employment to millions, paying huge taxes, end providing 
conveaientes that, while now commcmplace, have had social influences 
too great to assess* Moat of us l:ncw of these achieveruenta, but Jt took 
the greatest "war in history to ciy’stallize this knowledge into a full 
appreciation of science. 

We sliall consider science as related to national security only long 
enougli to admit that we must have adequate research on weapons 
related botli to offense and defense* To plan otherwise in our present 
confused world would bo unthinkable. Preparedness, more than ever 
befoie, is the price of liberty. AVe naay well remind ourselves that 
national security, for tlie long pull, should be based on something 
more lasting, and less exhausting, than more and bigger ships, planes, 
bombs, and guns. It would be well to be warned by the numerous 
examples in history Uiat give weight to the words of IficUsche, *^jmply 
by being compelled to keep constantly on his guards a man may grow 
so weak as to be unable any longer to defend liituselL*^ In planning 
means of avoiding future wars we must I'emember that in human con- 
tiicts, whether on individunl or nationals levels, fear is a poor substi¬ 
tute for undei’standing and reason. 

Our principal codsideration will l>e given to research aimed at 
improving the welfare of our people. This includes the tyiies of 
research concerned with the development of the oountrys res&ources, 
its agriculture, industry, and commerce* As a nation can be only as 
strong as its individual citizens, the research pmgrain must be directed 
also toward Ihe heuilth of individuals, their food, shelter, and clothing. 
Since our goal ia the accumulation of new knowledge on a wide front, 
all promising sources of information should be enlisted. It is not a 
small pjxigrain, for its orderly development means the utilization of 
both basic and applied renSearch in many disciplines, including not only 
tliose of interest and utility to man, but also those dealing with man 
himself and hjg relations to other men. It means the cooperation of 
institutions of many types, the universities to train scientists, and to 
conduct basic research^ private institutions to undertake investiga¬ 
tions in all categories and in all fields; Federal agencies to conduct 
both basic and applied research of wide scope; and lineally, participa* 
tion by the magnificent research services of American industry. The 
task ahead calls for the greatest wisdom that can lie brought to bear 
upon it. It is a challenge to the Government and to the scientist alike. 
There must be cooperation between agencies, for from these contacts 
there will arise tlie encouragement and inspiration so necessary to 
creative achievement. Perhaps I should say cooperation and coordi- 
nation; but since the latter term is susceptible of ^vcral definitions, 
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especially as to degree, it should be iised with care. A rcasouable 
amount of coordination is required to make certain that the new pro¬ 
gram of research will become ti useful and effective portion of the 
XatJon^s total research. Care must be taken, however, to see that this 
program does not become a super science department with power over 
all national research. In the interest of goCKl administration, the 
authority to direct and the responsibility for results must bo bracketed 
together" Beyond this, there is required the application of a few 
general principles that have been demonstrated to be necessary to any 
efiieient conduct of research. Science cannot be regimented. At 
most it can be directed only along very broad lines, for who can decla^ 
in advance what is of great and what of little importance! It is 
obvious that specific, direction could never Iiave developed a Pasteur 
or a Kekulc* Their contributions to science arose fr™ their own 
inquiring minds, from a great body of knowledge they had ftccom- 
nlaled, and from di&ciplined imaginations. Under close supervision 
they would have been superior investigators, but they would proba y 
be forgotten now. The degree of supervision and planning must bo 
determined by a body of men who understand science and appreciate 
the diificulties of research, men who are capable of judging progr^ 
and the ability of individuals without looking over a w'orker s shool er 
or, even woi^, requiring multiple reports- Accomplishment has bwn 
observed over the centuries, and, while it is susceptible of broad varia¬ 
tions, its recognition by experts does not require a lifetime.^ 
selection of wise administrators of research, the determinnrion o 
when and how to provide support, and bow much to provide wU 
alwa]^ bold the key to success in any expansion of the researeh the 
Xation* Fimtls can bo provided by law, projects can be assigned, but 
this alone cannot assure maximum reaiiUs, for organlijation cannot do 
what only the genius of individuals can accoinplish- Iho aftatement 
of Plato* that “under the influence either of poverty or of wealth, 
workmen and their w'ork aix? equally liable to degenerate,' is as true 
now as it was in his day. We must have understanding of science 
mther than science worship, and above all we must reaU^e that scienra 
is a working tool, a means to an end- In stressing the use of research 
for social ends wo are only restating the ideal of Benjamin Franklin, 
who made that objective a basic purpose of the American Philosophical 


Society. 

Tlie Federal Government is now engaged in research on many mat¬ 
ters that concern both the individual and the Nation as a w'hole. The 
development of national resources and their wise conservation con¬ 
stitute a field in which the Govcnmient should lead and cooperate 
with all others engaged in similar r^earclu This relates to forestry^ 
geology, and agrkuUnrc in all phases, to mention a few of tho^ close 
to national well-being. 
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Agriculture has always been closely related to human progress 
sod still plays a dominant role in man’s healthy food, and clothing. 
With industry it will to a great extent determine his standard of Iit- 
ing. Though plenty and peace may not be inYariabie companions^ 
when the life of individuals is not a hopeless struggle for existence, 
class strife within a nation and hostilities between nations certainly 
tend to disappear. A greater knowledge of agriculture will bring us 
nearer to tliis objective* There is still much to bo learned about the 
land and its maintenance, about crops and the economics of farming* 
We nmst learn well and rapidly, for our new lands are shrinking. 
Our last large frontier is in the Arctic, and we ai*e far from a know¬ 
ledge of how to utilize it. In these basic mattere that affect all citi¬ 
zens the Govertiment should he tlie leader and coordinator of research, 
w itli responsibility for its effectivenes and its extent. 

The role of research in solving many of the problems of natioua 
seems to be well established, and the welfare of a nation in this in¬ 
dustrial age depends very largely on the continuing extension of the 
horizons of knowledge and the pinctical application of that added 
knowledge. Tlie obvious question relates to how this may be brought 
about in this countiy without incurring e.xcessive expenditures and 
thus jeopardizing the success of the entire program. It seems clear 
that the project is of such scope and size tlmt it must be administered 
and subsidized at the national leveL The direction of such a com¬ 
plex program must be in the hands of experienced men who under¬ 
stand science and appreciate its social implications* Wide representa¬ 
tion on such a group is necessary' from ull the agencies contributing in 
an important, measure to the success of the program* Tltis w'ould in¬ 
clude the Fedeml service, universities, private nonprofit research 
organizations, and indnstiy. This group provided with advice from 
committees representing the i^arious disciplines and with adminis¬ 
trators as required would he fully capable of selecting broad fields for 
research^ of selecting individuals or agencies to conduct research, and 
of determining the amount and nature of support required* 

The types of national science foundations thus far suggested are 
of less importance than the abilities of the men appointed to the foun¬ 
dation, If tlie leaders are chosen for their qualifications^ their dis¬ 
tinction, and their ablOtj and desire to serve, the administration 
IS in safe hands. Ilie tendency toward honorary or part-time ap' 
pointment can be overdone. The program is loo large, too compleSj 
and much too important to be administei'ed as an avocation. 

It is not to be cxi>ected that such an organization conld operate 
at full speed immediately for it must leam fLs it proceeds. Tt could* 
however, undcrtalce several objectives with full knowledge that it is on 
the right tracL One of the?* relates to providing additional research 
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men, in part to make up the acute diortage which deTeloped during 
the war, and partly to assure a supply oi well-equipped men to carry 
forward the increaW research this country must undertake. 

One of the first steps to be taken in increasing trained research 
personnel is to eliininate much of the wastage of promising students 
who for financial reasons fall by the wayside before completing their 
academic training- The salvage of superior students from this group 
is an efficient and economical plan^ for they liave completed part of 
their training and their capabilities are already known. Scholar¬ 
ships sItouJd be awarded only to those who can profit from university 
training] and the Icuders among the students sliould be educated just 
$0 far as this education is of use to them and to society p Those chosen 
to seek further knowledge should meet the high qualifications estab¬ 
lished by James Conant. 

For Oie seholar, the seeker after truth, whether lie be matheniatlciaii, nrcbe- 
DlDyl.st, ^{cQtEst> ptlloaopher, poet, or theologJuTi, must come lutiO the court of 
pubEie oplnEOD not cmly with dean Emuds but with a cotisccrated hearty He most 
ltfl¥e Integrity of purpose, u diselpllDcd ImQginatloDt and the powei? of critical 
uEmlyBls oC both the probIciQ at baud nud hts own contributions In addEtloa„ 
be tnnst have high standards of perfomiauce as to the tcclmlcfll aspects of his 
task. 

In granting sdiohirship« it would seem wise to examine preset 
orgaui^atiozifi experienced in thi^ field to learn whether the existing 
machinery or methods for this purpose are capable of administeriug 
a larger Governmont-spoDsOi^l scholarship program. It would be 
wasteful to ignore deuionstmtod accompliahnient in this specialized 
field. 

In training young scientists it must be borne in mind that quantity 
can never take the place of quality. New ideoa, or new applications 
of old idea^^ do not arise from oceans of minda. They come from a 
few superior minds iu which inquiry, knowledge, and imagination are 
com pomaded in favorahle proportions, Linnaeus long ago noted that 
euconragemeiit should be given to clever students, “for tltc great dis* 
coverers are among them;^ os comets among the staro,^* The effective¬ 
ness of a training program depends almost entirely on tlie ability of the 
teachei^ as has been so often demonstrated where a single preeminent 
professor has carried hia department to first rank within the nation* 
If outstanding students are to be aided in obtaining the training nee®- 
sary to speed research at full efficiency, it is equally important to relies 
the outstanding teachers of the extraneous duties which reduce their 
Use as teachers^ It may even be said to be more important, foF a single 
teacher may tmin and inspire many discoverers- In any training pro- 
gTam it is tlitis necessary to seek both students and teachers. Once 
these are brought together in an environment favorable to science, it 
will be demonstrated that huge numbers of investi^tors are not 
required to keep our country among the world leaders in science. 
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Under the scholarship pro^m the nation will become deeply 
involved in educational matters, and it cannot escape a direct interest 
in the quality of training facilities. During the war pericKi, colleges 
and universities gave close study to their curricula with the idea of 
maldng unproveraents where changes were indicated. One change 
suggested was a broader base in training in the first college years. The 
report of the president of Pomona College to the alumni illustrates 
how one college has met the changing trends “The new curriculum is 
domiaated by the piiilosopJiy that in tlie first 3 years the student 
should aof|Uire certain fundamental skills, appreciations, and bodies of 
knowledge. * This is a definite change in the right direction and agrees 
clotsely with British statements on the siibjecL Broad training in 
fundamentals will provide the student with the confidence and the 
working tools so necessary to systematic ^solution of problems; 

Another urgent field for expanding our educational facilities is the 
training of specialists in foreign areas. The need for this !iaa been 
cxpressctl very well in the constitution of the United Kations Educa¬ 
tional, Scientific, and Cultural Organization: “Ignoiunce of each 
otlier^a wa 3 ^s and lives has been n common cause, throughout the history 
of niankind, of that suspicion and mistrust between the peoples of the 
world through which their differences have all too often broken into 
war.^* T he war showed us tliet area experts in the United States were 
almost nonexistent. Through the cooperation of the universities and 
colleges great strides were made to meet the need for such knowledge. 
Training in this field must be continued since the necessity for such 
experts will not be less with the coming of the peace* We must learn 
more of other peoples and their problenis, for whelher we like it or not 
we ate now neighbor to all peoples of the world* 

Interdisci]>linary training should also be streased, A research man 
should have knowledge of several disciplines beyond the specific 
knowled^ of the division or subdivision of his own field of science. 
With this added equipment he has a clearer understanding of his 
problems and possesses abilities to use these related disciplines for their 
solution. He is not only a better research man on his own, but with 
this wider appreciation of the utility of other disciplines he is more 
valuable as a part of a research team. War research demonstrated 
that scientists often received their most useful a^istance from co* 
Workers, who brought to the solution of problems viewpoints and 
luethcKls froni widely di tie rent tyj>ef3 of work, 

The continuing success of the plan to stimulate re^jCarch will depend 
to a large ratent on the understanding and intelligence used in the 
administration nf the program. Its first concern is to outline pcdicy, 
to determine what funds are to be procured, and to learn how to obtain 
the masimntn of results from the funds at hand. The latter conaidera* 
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tion includes n decision as to the approximate proportion of the funds 
to be D 3 £} 5 endcci for security te^earch and how and where it will be 
u^sed- The remaining portion for welfare research iiuist be further 
divided between scholarships and basic and applied research. As to 
agenciesj it niust be divided among univei’sUy kboratories and class- 
roomSj private, nonprofit research institutions, Government research 
laboratories, whether Federal or State, and laboratories for the solu¬ 
tion of industrial problems, Tlio selection of laboiatories and men, 
the terms under which funds will be available, and the approval of 
projects will all have much to do with the degree of success of the 
undertaking. Administration of the program will require the con¬ 
tinuing study and advice of many scientists from all disciplines, I roj' 
ects may or may not succeed, but they should have an honest chance by 
being placed in the friendly surroundings of skilled inventigators and 
wGlbi.^uipped laboratories. Beyond this each pioject should ha^e 
a fair test us to time* Year^o-year allotmerits with no assurance 
against reduction or termination are not likely to altruct the 
minds- Utilii^ation of our leading scientists for stop-gap experi¬ 
mentation would unfair both to the meti and to the Nation, 
practice should be adopted as flde<iuate until its soundness has been 
tlenmnstrated. One example will suffice. We speak of basic and ap¬ 
plied research as two separate fields, w’bich must be kept dLstinct, 
Some believe that the basic resfiarcb workers would be unable to apply 
their findings to practical use and that applied research workers would 
be of little use for fundamental research. This nmy hold for a smaU 
number of scientists, but a large number of men have shown their 
work during tho war that the same general qualities arc required for 
superior research of either type^ Basic and applied rc^arch are^now 
used together by the Tiondon, llidland, & Scottif^h Railroad under a 
plan by which research men from the railroad and its cooperat ing urn- 
Tersities are exchanged for temporary periods. From prelimma^ 
observations it scema that both basic and applied research will profit 
from this amtngement. It is a further step in breaking do^-n the cell 
walls that have, in varying degrees, insulated one worker and one 
pToblcni from another. 

Tlioso who will be resjionsible for the administration of public- 
sponsored research must expect criticism, for they are using funds in 
which everyone has vested rights. Public support is absolutely essen¬ 
tial to the continuing success of an accelerated program; and this 
support to be lasting must, be bas^ on an understanding of the aims 
of the program and an appreciation of what science has done and can 
do again. There should be full publicity on all phases of the *> 1 »''b- 
tion of the program. Itmiistbenceessarynot only to be independent 
of the iiiflueucc of pressure groups but also to be able to prove that 
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Uidopendcncs. Though wartime scieace went from one triumph to 
enotlier, it must be remembered that peac'etime research will be mcas* 
urcd by different criteria. During tlie war the cooperation oi re¬ 
search men was a patriotic duty, and the cost of projects was entirely 
secondary to speed and to success in solving problems. In times of 
peace the coat of research piugrams will become a matter of major 
importance and one for annual discussion. 

The results of research touching individual or national well-being 
should be given the widest distribution. Hits should be the standard 
method not only of diffusing useful knowledge bat also of reporting 
progress. Used intelligently, it will make unnecessary the collection 
of multiple reports, questionnaires, forms, and records, which at best 
accomplish little more than to delay the work and drive out tho.se in¬ 
vestigators who prefer research to the piecemeal discussion of it. 
Publication of results should be prompt and full, and adequate distri* 
bution should be made nationally and internationally. This will 
serve not only to speed research but also to prevent needless duplica¬ 
tion of effort . 

Whether publication should be undertaken in more than one lan¬ 
guage is problematical. I should incline to advocate that each nation 
publish in its own language and leave to an international catalog and 
abstracting service the task of furnishing abstraeCs and serving as 
a clearinghouse for providing translations in such languages as may 
be requested. This would be no great change from tlie International 
Catalogue of ScientLBc Li terature, which, after years of effective serv¬ 
ice to science, suffered so grievously from the first World War that it 
never recovered. If the nations truly wish to cooperate, let them 
resurrect this useful service with suidi changes as the ne^s of the 
present day may require. 

Although our discussion has been concerned largely with the national 
aspects of such a research program, there are many who will regard 
it as only one part of s larger problem. The real objective of this 
undertaking for the increased use of science depends largely on who 
happens to be explaining its purpose. To one, science may insure 
national security; to another, it may mesa the economic welfare of 
the nation; while a third might look at the world and see interuational 
cooperation and understanding and enduring peace. Science ntilleed 
more widely can raise the standard of living in America, it can provide 
jobs, it can turn the wheels of industry and iill ships wuth exports. It 
can increase the comforts of individuals; and, ns far as weapons may 
be concerned, it will certainly increase the security of our Nation. All 
this, however, is the answer to only a part of the question as it affects 
Americans. Our welfare over any long period is related to the wel¬ 
fare of other peoples, for now as never before poverty and misery in 
one part of the world affect the prosperity and well-being in aU parts 
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of tlie world. Thus our standard of living cannot bo completely and 
oermtinently independent of that of other peoples. i • ■ 

As a preUmininary to improving the economic ^atus of peoples it w 
ursent to speed Uie work of recovery in al] countries. This Iwavy task 
calls for international cooperation in all fields of scienc^ Obviously 
those nations that have suffered the least must assume the leade ip 
in this program of restoration. The question as to where tUiscooF™- 
tion should start or what it slmuld undertake is one of some magnitude. 
The most urgent need is in tliose countries that wem overrun by^e 
Axis, in which science was destroyed in part and ^ttcred. lUe 
first step is to help each nation to help itself by organising cschan^ 
of current literature, abstracts, and translations os rapidly as posaib e 
and to briug victims of a edentific blftck-out up to date on reccu 
world research. Kestoration of the scientific literature in war area 
libraries is a large task, but an early beginning should ^ 

tacts between workers on similar problems should be c^a is 
assistance given, if only advisory, on research materia , equipmen , 
and other facilities. International contacts and meetings con^rne _ 
with science should be expedited and the eschau^ 
teachers promoted. Tlie preliminary oiieiutions in ^ eM e 
largely multilateral in nature and they should fall withm the scope 
of international organizations. Of tfiese the one covering t o ion 
cst field is tlie newly fomied UNESCO; and there are ot le^ o es^r 
scope, some of which are ready for operation. It is too ear y o lua 'e 
promises as to the activities of UNElbCO, for it is st in t o pve 
liminary stage of organization. Specific programs have been pro¬ 
posed covering such subjects as the social problems of hoiismg, an 
guagQ teacliiug, and surveys for rehabilitation of the uca lona 
systems in devastated coimtri^ It will undoubtedly seiwe on a wor 
wide basis to promote the free flow of inforaiatJon, both c tura ^ 
scientific, and to encourage the exchange of students, tea' ew, 
tists, and artists. It will be a general source of inf ormation to facih- 
tate giving to nations the educational, scientific, and cu twa ai ’ _ 

in Uie war. In undertaking these activitiw, however, the projecten 
aid is on an advisory rather than on an active participating e' 

Tho more active operating programs in international cooperation 
will include those on a bilateral basis. Such projects, arrange ro g 
the Committee for Scientific and Cultural Cooperation, 
operation in many places in this hemisphere. Frejects ® ’ 

now active, include such diveree fields as ngricnlturc, an^ropolo^, 
geoloiry, tidal studies, vital statistics, and meteorology, ere is i 
eluded also cultural cooperation in many fields of the humanities an 
theexchange of personnel, including scientists These 
must be of value to both participante, are operated on the Ic^ of^e 
people, and active participation by both countries is required. 
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objective of tlie progniin is to further understanding between the na¬ 
tions and peoples of this hemisphere, to advance their interests, and 
to maintain peace. That the plan is ssiece^ful in advancing interna- 
tional relations has been demonstrnted repeatedly. Authorization fof 
the extension of this program to other parts of tlio globe is now before 
Congress. Cooperation in science on a world-wide scale, in improving 
economic conditions witliin nations, can contribute much toward re¬ 
moving a fertile and continuing cause of wars* Wc must remember 
that any diseussion relating to the welfare of peoples cannot avoid 
consideration of ways and means for preventing wars, which cause 
losses in human and material resources beyond appraisal Tlie last 
war cost this country alone over a million casualties and 354 billions 
of dollars. Tliose partial costs sliow clearly the futility of planning it 
com fort able standard of living If wars, on the modern scale, are per* 
m it ted to recur at intervals. 

The question has been asked as to whether science is not given on 
undue portion of the prej acted progi-am and whether the well-being 
of peoples would not be advanced further by including the humanities. 
These have always been international in character and thus furnish a 
meeting ground on which races, creeds, and nations may find common 
appreciation and undei^tanding. The humanities play an iifiportant 
paH in the progress of mankind, and obviously the advancendcnt of 
human welfare and peace must include the humanities in ever-increas¬ 
ing amounts. One answer to diis question is tlmt a program including 
the huR'Lanities is now operating under the gulclanoe of our State 
Department and it will e^^pand as it I'eceives furihor support from the 
United Nations Organization and from other programs of interna¬ 
tional scope. It is a sepiinito program and should remain so, both as 
to direction and supjwrt, i^erhaps tlie principal answer to the question 
is that sundval and recovery are the immediate needs, and science has 
demonstrated its ability to function in emergencies, Science is ready 
to go ahead now and it has world -wide support* In addition to meet¬ 
ing immediate necds^ science can do much to sponsor international 
good will for it, too, is truly international in character. Science has an 
important role in pointing the %vay to the recovery, well-being, and 
peace of the world ; but it will make its greatest contribution to human 
welfare when it realizps the necessity for pooling its efforts with those 
from other sources of assistance. Thus, whether we consider our 
problem from the national or world'wide viewpoint, all science might 
well atlopt the ideal to which Hugh Taylor^ in speaking for the 
physical sciences, gave such eloquent expression: 

In the free world to which wo BtlU dote to look forwairU, wUh the soldiers and 
etiiteainen, anlsta, hniuanl^tx. phlloBophera, and prlGstK, we tduF?t 3ntcs?rato oar 
Rclentiac skllla with the social and spiritual aspects uf liiiiiiaa life and natare 
ThatfCnl attained, wo hIoiU not lack either dI reellon or support^ 
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Anyone who has had the good fortune to have iy«l ^ 

in close contact -ith scientists of the first rank and tht s 

tunitytoobscrretheU metliodg. witness their achicTCiaents, and ^ 

the linlts of their research, through engnieenng de.^"P^ ^ 
production, out into use by the public, cannot fail to realize tins 

m oils value of scientific research. ifldn^itrT 

To mention but a few outstanding V j. tort reiicS 

and of its even greater valnc to the public i Our ^“^^toiy res^hes 

o» l».ps .llo,^ h.™ bee» mjor teto.» in 

light to one-twentieth of its cost 15 yearsngo; > ray ^ 

transformed from a tricky, dangerous nrt of ^ P _ 

and exact science of the widest utility, 
lives and untold suffering ; and the electronic tute 
from an unreliable and feeble device to b^ome the 
of the great new industry, broadcasting, bringing einployment tens 
of thousands, and entertainment and instruction to 
For n peison who has not had such intimate 
tific activities, and lienc© has l»en less oonscioua of 
it took this great war, with its diverse and 

technologicai aocomplishmcnts, to bring a rca_iza r nlHsma 

tialities of research* The life-saving 

pcniciUm, and DI>T; the marvelous extension of the 

given by radar, with its immunity to fog, oyr 

autoDBitk bomb eights, computers, and gun con the 

bombers and fighters so deadly; the enormous ^ 

greatest and most efficient navy the world has 

Uamea of Pearl Harbor; the great submarine pipeline P j. 

the British Channel to carry the motive ^wer ^ 

for the swift dasli from Normandy to the Siegfried line, th 

>Arll«l« lw«!a on on ^iSeXl's Pl**^*"- 

•nlnlon from Ifcn Oooornl Elertrle IUr)*w. «L 43, So. 8, Aopi*! moo. 
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many other twhnical triumphs have awakened the public to the limiL 

lass potantijilities of rasenreh $,ncl technology* 

BNOBMOUS KSPANSIOX OF AMERICAN WAHmiB RESEAHCH 

ifuch of Araencan industty learned its Jessson in the First World 
■ 4 - found j as a result of the British blockadoj how dependent 

It had become on German laboratories for many essential materials 
an supp ies. In consc^jnencOj iiidustri$,l research laboratories in this 
miintiy multiplied many times over after the war. with great advan- 
^go to our peacetime economy and with invaluable results when & 
b^iid World War again caught us unprepared. 

This war is much more mechanized than any which has preceded 
It, so that the demands and opportunities for scientific and techno- 
lo^cfll developments have far surpassed anything in history. Thanla 
to the succ^fui mobilization of the Xations scientists and engineer^', 
the demands have been met and the opportunities fully grasped, so 
that in almost eveiy respect our arraetl forces were before lon*^ 
eqmpped with more effective weaiwns and armament than those of 
our enemies, despite their long bend start in mUitary preparations. 
Marvelous as has been the achievement of Amorican industry in con- 
version, almost over night, from peacetime manufacture to the pro¬ 
duction of munitions of all kinds, in quantity far exceeding aUTthiug 
that the world had ever seen, or that even Hitler had dreamed of, 
no le^ marvelous has been the swift conversion of our Nation's science 
n ^ ^ uio ogy from ^acetime projects to the staggerinff task of 
^'^'T^ssing the German scientists and engineers who 
had been devoting years to the objective of building up an irresistible 
war maclune. 

That formidable task for the most part has been successfully ac- 

^pliahed, and although much of what has been done is still kept 

11 ™ publishedtogivethe American public a realiza- 

u diversity of scientific achievement in this 

most mechanized of all ware. 

SUSTAl:^'iLD RESILEHCH EFFORT REQUIRED 

Froiu this conception of our pot^Rtialidea has arisen a demand that 
v ictory shaU eee no slackening of intensivo scientific 
/ 1 / ^ ^ \ on the contrary^ shall se^ the conversion of research, in 
^ r^ngt and intenalve effort^ to the promotion of onr peacetime 
economy, public and politicians aliku are looking to research to de¬ 
velop new and better products, to create new industries, bo prevent 

prosperity for all, and to reiflC to 
new heights our Nalien s standard of 1 j ving* 

tmuicl support for rtsoorch, both p>rernmo„(,| „„a p,j,o,^ ,1.00 
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tas ever been available before. How far those hopes will be realised, 
or how far they will be disappointed, will depend on the quantity and 
quality of available research workem More will be needed than ever 
before, and not every boy or girl has the aptitudes needed for suc¬ 
cessful research. Those aptitudes must be sought for^ and, when 
discovered, encouraged and developed, if the nation's research need^— 
the needs of industry, of governmental laboratories, of medical in¬ 
stitutions, of muvcrsitie^-are to be meU That is the all-important 
task which faces the science teachers of our high schools. That is 
why any heightening of your edicienoy may produce unforeseeable 
bendits to our nation’s welfare. That is why this program will have 
potentialities for good, greatly esceeding its immediate benefit to you, 

^1IED FOB. PUBLIC UXDEBSTANOING OF BESE^i^nCH 

III spite of the prevalent enthusiasm for scientific research, there 
are some who have strange ideas of its nature^ Thera are some who 
might read into mj foregoing remarks the purely materialistic desire 
that as many adaptable children as possible should be shaped into little 
cogs to fit the indu;strial machine. Of course a conception of indus¬ 
trial research which would class a Wlntney, Goolidgo, or Langmuir 
as a cog is absurd, but no more absurd than the dictum gravely pro¬ 
nounced front the bench of a Federal court that industrial research 
may involve no more than finding a needle in a haystack by the simple 
process of dividing the Ivaystack into a large number of small segments 
and then hiring an equal number of hands to paw through their 
respective segments. Such a misconception would be too abysmal to 
deserve notice, were not this ct>urt in a position to affect profoundly 
the patent laws and consequently the technology of our nation; hut I 
have cited it because it reveals the same ignorance of the intellectual 
process involved in seJentifiG work tliat is shown by those who deplore 
the spread of science teaching in onr schools as an encroachment on the 
cultural studies. 

By cultural studies are usually meant literature, history, and foreign 
languages, which for getterations have stood as the pillars of our school 
carriciila, based on the initial mastery of the three R’s- It is not our 
intention to minimia^e the cultural valiio of those stand-bys. Litera¬ 
ture and histoiy especially are essential ingredients of any culture. 
However, it must be insisted that in these times science should and 
must take its place beside them with full parity as an essential to 
culture. 

J. W. N. Sullivan haa written in his book. Limitations of Science, 
that, **Science • * * is now the dominant intellectual interest of 

manldnd.” Can a man be called truly cultured if ha is ignorant of 
*Tbe dominant Intelleotual intereat of mankind’’ 1 Tlve study of science 

I25M3—47—^ 
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h the path which leads to contact with the greatest current thoughts 
and the most brillJant achievements of man. 

Nor docs that study lead only to a coldly impersonal intellectual 
stimulation. Properly approached^ science presents aspects trans- 
cendently inspiring to the imagination and arousing emotion border¬ 
ing on the sublime. Edward Fitzgerald^ himself a poet who, in the 
Rubaiyat of Omar Khayyam has giiren us one of the masterpieces of 
our literature, has said, ^Yes, as I often think, it is not the poetical 
imagination but science that every day more and more unrolls a greater 
epic than the Iliad." And another poet^ Alfred Noyes, in Watchers of 
the Sky wrote— 

Yet wcp whf> arc OB one dark aralo of dust 
Amttnd One tndiatin^LihDble epnrk 
Of atar-miBtp lost In one Jost feather of 
Gan, bj the gtren^li of ear own thoni^bt, aftcend 
Tbrouab universe after tidI verse; trace their growth 
Throogh bc>ujidlGB$ time, tbelr glory, their docaj; 

And, on the Invisible road of law+ more firm 

ThaD fiTftnSte, range throug^b all their length and hreadtlb 

Their height and depth, past, present and to come. 

Tear after year the alow sare reeonte frow, 

Aivniting their Interpreter, Tliey ahaU see It, 

Our BOnfl, In that far day, the awjft, the strong, 

Tlie ttiumphEng yoang-eyed ronnera wUh the torch. 

No deep-set honcdai^-mark In Space or Time 
nhalL halt or dannt them^ Wlio that once has seen 
How tmtb leada an to troth, ahnll ever dare 
To set a hannd to knowledge? 

For the acquisition of some knowledge and appreciation of man’s 
greatest intellectual achievements, no other study can rank so high as 
science. 

SCIENC0 CRmXTE^ SOCIAL CHANGES 

Science study is necessary also for a true understanding of the 
forces which are shaping our siKial and economic development. A. 
J. Balfour said more than 30 years ago. 

Scfeitce \B the great Itiatrument of social change, all the greater becayse its 
object is not change hot knowle^tge, and lui el Lent approprlatlot] of this dotnlaant 
function, amid the din of political and reUglons strife* Is the most vital of nil the 
revelations which have marked Uie developraent of moclera dvlIExatSon. 

Should anyone think this an overstatement, let him consider the 
following facts. It is science and its applications that have so in¬ 
creased the productivity of agriculture as to abrogate the MriUliuBiafi 
law of growth of populntiong, transformed our economy from the 
purely agricultural to the largely industrial; provided the swift 
transportation, both horizontally and vertically, which has fosterrd 
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the concentration of population in our largo cities with their towering 

skyscrapers: created our gigantic electrical networks, bringing cheap 

and convenient light, heat, and power into every workship and nearly 

every home; enormously increased the output of J 

reducing human drudgery and sliortening houra; raised tlie standar^ 

of living, until now the average roan enjoys in lus home 

as no king could command a hundi'cd years ago; annihilated time 

in commuiucations Iwtween individuals and between 

brought such undcrsUnding of the man elous mechanism of our ^ 

and of the Uls that assail it that the average span of 

been increased by a quarter century in a hundred years. ^ . 

rid, of U,. wk '»”• >'1''“''“* ’;t' t“ 

problems by salvaging MimtlM, numbera of tbc phyaically iiiiS 

rilowioe ufem to taprodoc, lhair kiod; Uave broaghl 
sevH, dialwtiomof illdiistrj- and employniMit IWgh the 4‘™“f 
ment of new materials, processes, and devices; and have muHipl 
many fold tlie horrors and devastation of war. 

Surely no one should be called cultured who hos no realization of 
a.e revolutionary changes produced by the tremendous impact 
Bcience on our civlliKatton* 

STUDY Ok SCIESCE DEVELOPS HABIT OF OSIBCTITE THISfOTa 

And Mane has « spMial vain, pomessad by non, of 'I" 
in the school cuvriouinm. It contribute to th, mM ™ 
tion in Mlucation: it develops, as no other study does, elear and in 

Tt",tS.v„e.calls upon and develop •'»—f 

.rs,but its nat;™ is msentially abstrarf. ‘ 

“Mathematics may be dedned as a subject m which we n 

what we are talking about, nor whether w la we 

I have known more than one man who was an someone 

but who was helpless in the face of n physical problem, _ 

else bridged the gap by pointing out what plivsical P ^ 

involved and how they applie<l, thus bringing 

point where pure mathematical technique cou d be 

Still more helpless would he liave been, had it been 

termine by eaUriment the nature and mode of application o 

ntos. assentiri toel “Tovld 

divorced from scientidc observation can tell us little about th 

'^^t is the study of science, aud that alone, which enable us to ob¬ 
serve our surroundings clearly, to perceive their interrelations, 
to derive valid and useful conclusions concerning them. 
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And fioAlly^ it 13 only tlirough scicnos stiniy thst we csn Acquire 
that most valuable of mental habits, the scientific approach. The 
merest tegiimer in wience soon kams tiat preconceptions, personal 
bias, and wishful tliinking have no place in the laboratory; that each 
problem must be approached with an opfsn mind, sabjcct to no influence 
hut tlmt of established fact. Could that approach bo learned by Uie 
majority of men and mainUined in the affairs of daily life, how many 
of our political and social problems would be solved, and how soon the 
demago^e and political sophist would disappear. 

True it is, that we liave seen some highly trained scientists guilty, 
in political or social issues, of the personal bias, wishful thinking, 
unreasoning passion, which are characteristic of tlie undis- 
ciplmed mind. But may it not be that they learned the scientific 
appt^ch too late m life for it to become a habit, so that it remained 
nothing more than an accomplishment, capable of practice in the quiet 
of a laboratory, but impotent in an atmosphere of controversy? 

ESTAEUSH SCIENTIFIC APPHOACH IN YOUTH 

It is torly in life that our mental habits form, and that fact gives 
tremendous value to the acquisition of die scientific approach as early 
as po^i e in scliool days. Herbert Spencer, in his autobiography, 
ascribes whatever success he attained in philosophy to the habit, de¬ 
velop m him during childhood by his father, of questioning the rea- 
son or eveiy^ing saw. If the alhimportant mental process which 
we Mil the scientific approach is to become an integral habit of mind, 
rather than a limited aHCcompIishmetit, it must be through science sub- 
jeets jn the school cmriciilimi- 

Ail children profit from science study in proportion to their mantnl 
X ^ through science teadiing can those with real aptitude 

or scient c work be discoverred and started on the research careers 

urgently demanded by the national interesL Judged from tlio view¬ 
point of either the nation’s welfare or the individual pupil’s best 
a Vantage, the work of the science teachcfrs in our schools is of the 
utmost importance. 
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